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Summary 
 In skilled spelling-to-dictation tasks, it has been consistently observed that the 
spelling of high frequency words is initiated faster than the spelling of low frequency 
words. With reference to Houghton and Zorzi (2003) and Tainturier and Rapp’s (2001) 
dual-route model of spelling, three possible loci for this word frequency effect were 
identified: spoken word recognition, orthographic retrieval, and response execution. 
Previous researchers have attributed the frequency effect solely to orthographic retrieval, 
without taking into account the time required for spoken word recognition. To investigate 
this assumption, three experiments were conducted to examine the possible loci of word 
frequency effects, and the attentional mechanisms in skilled spelling-to-dictation tasks.  
In Experiment 1, the frequency effect on the response execution of the first letter 
(i.e., the third locus) was investigated in a delayed spelling-to-dictation task. Participants 
only started typing the word’s spelling 1200ms after the offset of the spoken word. It was 
assumed that spoken word recognition and orthographic retrieval would be completed 
during the 1200ms delay. As a result, the onset latency, i.e., the duration between the 
offset of the delay and the first keystroke, should only capture the response execution. As 
expected, no frequency effect was evident in this delayed task, suggesting that word 
frequency does not affect response execution of the first letter. 
In Experiment 2, a delayed/uncertain task and an immediate/uncertain task were 
compared to examine the frequency effects on the other two loci, spoken word 
recognition and orthographic retrieval, and how the effects are distributed. In the delayed 
task, participants first listened to a word without knowing whether they would be asked 
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to make an imageability rating, or to spell the word. Only after a delay of 1200ms, were 
they cued to make the rating (75% trials) or to type the word (25% trials). This 
uncertainty with bias towards imageability was intended to limit orthographic retrieval 
prior to the cue.  Based on the results of Experiment 1, it was assumed that spoken word 
recognition would have been completed during the 1200ms delay, and that participants 
would only initiate orthographic retrieval at the offset of the delay, when cued which task 
to perform. Thus the onset latency, measured from the onset of the task cue until the first 
keystroke, should capture the process of orthographic retrieval and response execution, 
without spoken word recognition. In the immediate task, no delay was introduced for the 
completion of the spoken word recognition, so the spoken word recognition should also 
be captured by the onset latency in addition to the orthographic retrieval and response 
execution. Together with the results of Experiment 1, any frequency effects in the 
delayed/uncertain task would be attributable to orthographic retrieval only, whereas in the 
immediate/uncertain task they would be attributable to the spoken word recognition and 
orthographic retrieval. Results showed that frequency effects were found in the 
immediate task but not in the delayed task. Contrary to previous research, this suggests 
that orthographic retrieval is not affected by frequency, and that spoken word recognition 
is the only locus of word frequency effects in skilled spelling-to-dictation.   
In Experiment 3, the psychological refractory period (PRP, Pashler, 1994) 
paradigm was adapted to further examine the attentional demands in relation to the word 
frequency effect found for spoken word recognition in the spelling-to-dictation. 
Participants were asked to do a colour discrimination task before spelling the target word 
in each trial. The extent to which the processing of the colour discrimination task affected 
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the spelling of the high and low frequency words was expected to reveal whether the 
frequency-sensitive spoken word recognition in the spelling-to-dictation is attention-
demanding or automatic. The results were consistent with an attention-demanding and 
non-automatic influence of word frequency. The results also suggested that  frequency 
effects are located at the central processing component of the skilled spelling-to-dictation 
task, rather than during  pre-central processing. 
Taken together, the results of these three experiments suggest that word frequency 
influences the skilled spelling-to-dictation solely at the locus of spoken word recognition, 
and that this process demands central attention. The implications for models of skilled 
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Chapter 1: Introduction 
The locus of word frequency effects in skilled spelling-to-dictation 
Word frequency effects have been found in spelling-to-dictation among skilled 
adults. Skilled spellers are quicker to initiate their spelling of high frequency words than 
low frequency words upon hearing the target stimuli (Bonin, Fayol, & Gombert, 1998; 
Bonin & Meot, 2002; Bonin, Peereman & Fayol, 2001; Delattre, Bonin & Barry, 2006; 
Kreiner, 1996). Thus far, researchers have attributed these frequency effects to the time 
taken for orthographic retrieval, i.e., the process of retrieving the spelling of a word from 
the orthographic output lexicon. This attribution of word frequency effects to 
orthographic retrieval appears to be based on the assumption that spelling-to-dictation 
involves only writing, or rather typing (Delattre et al., 2006). However, spelling-to-
dictation also involves listening and identifying the spoken target word. In the 
conventional procedure for spelling-to-dictation, the dependent variable is onset latency 
which is measured from the onset of the spoken target word until the writing/typing of 
the word’s first letter. Thus, onset latency is a composite measure of all the processes 
involved in the time-window before the first keystroke (Bock, 1996; Levelt, 2002; 
Sternberg, 2001), including spoken word recognition, orthographic retrieval and the 
response execution for the first letter. In other words, the onset latency for spelling out a 
particular word not only reflects orthographic retrieval, but also the time taken to 
recognize the spoken form, and to type the first letter.  
Both spoken word recognition and response execution have been shown to be 
influenced by word frequency in studies focusing on spoken word recognition (e.g., 
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Dahan, Magnuson & Tanenhaus, 2001; Goh, Suárez, Yap, & Tan, 2009) and response 
execution such as copywriting and copy-typing (e.g., Inhoff, 1991; Lambert, Alamargot, 
Larocque, & Caporossi, 2011). These findings suggest that the word frequency effects 
found in the skilled spelling-to-dictation tasks could be located at the spoken word 
recognition and/or during response execution instead of just at the orthographic retrieval 
implied by Bonin and colleagues (1998; 2001; 2002), Delattre et al. (2006) and Kreiner 
(1996). Thus the main aim of this thesis is to extend previous research and to examine the 
locus of word frequency effects in skilled spelling-to-dictation at three broad loci: spoken 
word recognition, orthographic retrieval and response execution of the first letter. In 
addition, the attentional demands of skilled-spelling-to dictation will be examined to 
determine whether they involve pre-central and/or central processing components.     
Before approaching the relevant research questions in detail, a model of the 
spelling-to-dictation task will be introduced to delineate the three possible loci for 
frequency effects, and the reported word frequency effects will be discussed. The general 
introduction concludes with an overview of the present study.  
A model of the spelling-to-dictation task 
The box-and-arrow model summarized by Houghton and Zorzi (2003) is used as a 
framework for the present study on skilled spelling-to-dictation (refer to Figure 1). This 
model was adapted from the dual-route model of spelling described by Tainturier and 
Rapp (2001). Consistent with the dual-route model of skilled reading (Coltheart, Rastle, 
Perry, Langdon, & Ziegler, 2001), separate lexical and sublexical routes have been 
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proposed to explain how the spelling of a spoken target is achieved (Bonin, Peereman, & 




The lexical route (dotted arrows in Figure 1) maps the phonological input (spoken 
word) to the orthographic representation (spelling of the word) in the orthographic output 
lexicon which is a long-term memory store (Buchwald & Rapp, 2009). Some researchers 
(e.g., Bonin, Peereman & Fayol, 2001; Tainturier & Rapp, 2001) have argued for a 
minimal contribution of semantics in the spelling-to-dictation task, as shown in the 
optional additional route mapping the word’s lexical semantics from the phonological 
input lexicon to the orthographic output lexicon. The sublexical route (bold arrows in 
Figure 1. A typical “dual-route” model for spelling summarized by Houghton and Zorzi (2003). 
Dotted arrows show the lexical route, bold arrows the sublexical route. A direct input from 
semantics is also shown. The alignment of the boxes is modified to accommodate for the 
illustration of the three loci proposed. Copyright (2003) by Psychology Press Ltd. 
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Figure 1) involves segmenting the spoken word into smaller phonological units, such as 
phonemes, syllables, rimes or onsets (Bonin, Collay, Fayol, & Meot, 2005; Folk & Rapp, 
2004; Perry & Ziegler, 2004). These segmented phonological units are then converted 
into their corresponding orthographic units based on sound-to-spelling mappings (e.g., 
/t/ t).  
Several researchers (e.g., Buchwald & Rapp, 2009; Kreiner, 1992; Rapp, Epstein, 
& Tainturier, 2002) have suggested that the lexical and sublexical routes operate in 
parallel and interact in the graphemic output buffer, which maintains the dual activation 
of the individual orthographic units of the target word from both routes before the letters 
are written or typed out (Colombo, Fudio, & Mosna, 2009). However, the possible 
interaction of the two routes is beyond the scope of the present thesis. The contribution of 
computational models is also acknowledged (e.g., Brown & Loosemore, 1994; Houghton 
& Zorzi, 2003) but will not be discussed here because these models only simulate the 
connections between the phonology and the orthography, not the entire processes 
involved in the spelling-to-dictation task, i.e., from the recognition of the spoken target to 
the writing of the spelling.  
Three proposed loci 
Based on the dual-route model (Houghton & Zorzi, 2003; Tainturier & Rapp, 
2002), three loci involved in the spelling-to-dictation task defined at a broad level are 
proposed: spoken word recognition, orthographic retrieval and response execution. As 
shown in Figure 1, spoken word recognition involves recognizing the phonological input 
of the spoken target and lexical access in the phonological input lexicon. Orthographic 
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retrieval involves the retrieval of the spelling from the orthographic output lexicon via the 
input from the phonological input lexicon or semantics, and possible interaction from 
sound-to-spelling conversion, followed by the temporary storage of the orthographic 
representation in the graphemic output buffer. Response execution refers to the 
handwriting or the typing of the letter strings of the target word. Depending on the way 
response  is measured, it can refer to the initiation of the response, i.e., the typing/writing 
of the first letter (as measured by the onset latency) or the serial response execution, i.e., 
the typing/writing of all the letters in the word (as measured by the inter-letter duration 
and spelling duration). 
Word frequency effects in spoken word recognition  
Spoken word recognition is a complex process, and has attracted a considerable 
body of research on different models (see Dahan & Magnuson, 2006; Jusezyk & Luce, 
2002 for review). The results of auditory lexical decision experiments (e.g., Connie, 
Mullenix, Shernoff & Yelen, 1990; Goh et al., 2009; Marslen-Wilson, 1990) have shown 
that high frequency words are recognized faster than low frequency words consistently, 
but a frequency effect has not always been found in a shadowing task, i.e., verbally 
repeating the spoken word. This might be due to the fact that shadowing can be achieved 
through acoustic-to-phonology conversion without any lexical access. According to 
Dahan and Magnuson (2006), spoken word recognition is a gradual process in which 
phonological units in the phonological input lexicon accumulate their activation in 
proportion to their match with the incoming phonological input. High frequency words 
are recognized faster because their resting activation is higher than that of low frequency 
words, i.e., the activation threshold required for the recognition of high frequency words 
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is easier to achieve (Marslen-Wilson, 1990). Presumably this activation is located at the 
phonological input lexicon in Figure 1. 
Word frequency effects in orthographic retrieval 
 Rapp and Dufor (in press) proposed that the orthographic lexicon in Figure 1 is a 
long-term memory store which is sensitive to word frequency. The frequency of a word 
determines how efficiently an orthographic representation is activated by its input, either 
from the phonological lexicon or from the semantic system. The higher the frequency, the 
easier and the faster an orthographic representation is retrieved. In their hybrid 
computational model, Houghton and Zorzi (2003) simulated the word frequency effects 
at the excitatory feedback loop that feeds onto the orthographic output lexicon, with the 
phonological input feedforward to the orthographic output lexicon. However, they did not 
specify how the phonological input is achieved from the spoken word recognition. 
Although this simulation successfully mimicked the variation of onset latencies in skilled 
spelling, it did not take into account the other two loci involved in the spelling-to-
dictation task, i.e., spoken word recognition and response execution. This throws doubt 
on whether the findings of Houghton and Zorzi’s simulation are applicable to human 
performance during a spelling-to-dictation task. 
 Another line of evidence that suggests word frequency influences orthographic 
retrieval came from research in written picture naming (Bonin et al., 1998; Bonin, 
Peereman & Fayol, 2001) which also involves orthographic retrieval. After ruling out the 
possible effects on picture recognition, the data seemed to suggest that the loci of word 
frequency effects in picture naming is at orthographic retrieval. However, word 
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frequency effects in written picture naming disappeared when age-of-acquisition was 
taken into account in subsequent written picture naming studies (e.g., Bonin, Fayol, & 
Chalard, 2001; Bonin, Chalard, Meot, & Fayol, 2002). In terms of interpretation, an 
additional problem is that the orthographic retrieval in the written picture naming and 
spelling-to-dictation may differ in terms of task demands, so the word frequency effects 
in the two tasks may not be comparable (Sternberg, 2001; Bonin, Peereman, & Fayol, 
2001). Thus, the occurrence of word frequency effects during orthographic retrieval in 
spelling-to-dictation tasks has not yet been verified. 
Word frequency effects in response execution 
Although Delattre and colleagues (2006) found no word frequency effect on 
spelling duration, they have been observed on the onset latency (e.g., Bonin et al, 1998; 
2001; Delattre et al, 2006), the inter-letter duration or the spelling duration in copywriting 
(Alamargot, Larocque & Caporossi, 2011), copy-typing (e.g., Gentner, Larochelle & 
Grudin, 1988; Inhoff, 1991; Massaro & Lucas, 1984; Will, Nottbusch & Weingarten, 
2006) and spontaneous typing tasks (Cohen Priva, 2010). Some researchers have 
attributed frequency effects to the perceptual processes during copying (e.g., Gentner al., 
1988; Lambert et al, 2011), others to the programming of the keystroke sequence (e.g., 
Inhoff, 1991), and Will et al., (2006) pointed to a cascaded effect of word frequency from 
the orthographic output lexicon to the response execution.   
Taken together the results from previous works are inconclusive with regard to 
the word frequency effects in response execution and might reflect the fact that 
handwriting and typing are complex serial processes. The inter-letter duration and 
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spelling duration taken to type or write the whole word are also affected by the linguistic 
units within the target word (e.g., graphemic, syllabic and morphemic boundaries), 
sound-to-spelling consistency of each phoneme, consonant or vowel status of  each letter, 
physical constraints of both hands in touch-typing, as well as individual differences in 
typing or writing skills (Delattre et al., 2006; Gentner, 1982; Kandel, Alvarez, & Vallee, 
2006; Kandel & Spinelli, 2010; Kreiner, Price, & Gross, 2008; Rumelhart & Norman, 
1982). All these variables have to be controlled for before any meaningful interpretation 
of word frequency effects on spelling duration and inter -letter duration can be made. 
Fortunately, onset latency is not sensitive to these confounding variables on each within-
word letter because it captures the response execution of the first letter only. For this 
reason, only the onset latency will be considered in this thesis. 
 In summary, among the three proposed loci involved in the spelling-to-dictation 
task, only frequency effects on spoken word recognition have been unambiguously 
supported by empirical evidence. In contrast, word frequency effects on orthographic 
retrieval and response execution of the first letter have yet to be confirmed. Thus the aim 
of the present study was to examine whether the word frequency effects observed in the 
spelling-to-dictation task are solely due to the spoken word recognition, or if they are also 
evident in orthographic retrieval and response execution when the main dependent 
variable is the onset latency. 
The present study 
Overview 
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Three different spelling-to-dictation experiments were designed to address three 
research questions: 
(1) Is the locus of word frequency effects at the response execution of the first 
letter? 
(2) Is the locus of word frequency effects at the spoken word recognition and/or at 
the orthographic retrieval? 
(3) Is word frequency-sensitive process in the spelling-to-dictation task attention-
demanding and/or automatic?  
 In Experiment 1, a normal spelling-to-dictation task combined with a delayed 
paradigm (e.g., Bonin et al, 1998) was conducted to replicate the  word frequency effects  
in skilled spelling-to-dictation and, more importantly, to investigate whether the effects 
can be attributed to the response execution of the first letter. In Experiment 2, participants’ 
performance in a delayed/uncertain task (Almeida, Knobel, Finkbeiner, & Caramazza, 
2007) was compared against its immediate/uncertain version to examine the frequency 
effects on the other two loci, spoken word recognition and orthographic retrieval. Finally, 
in Experiment 3, the psychological refractory paradigm (PRP; Pashler, 1994) was 
adapted to examine the mechanism underlying the word frequency effects in spelling-to-
dictation in terms of pre-central automatic processing or central attentional demands. The 
results of this experiment will also provide a link to models for other types of 
psycholinguistic processing based on attentional demands (e.g., Cleland, Gaskell, 
Quinlan, & Tamminen, 2006; McCann, Remington, & Van Selst, 2000 on lexical 
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decision; Dent, Johnston, & Humphreys, 2008 on picture naming; Reynolds & Besner, 
2006 on reading aloud). 
Methodological Issues  
Before describing the three experiments in detail, two methodological issues 
common to all three spelling-to-dictation tasks will be reviewed. These are the output 
response and the dependent variable.  
Output response. The apparatus used in the present research was a keyboard 
rather than a writing tablet used in some earlier work (e.g., Bonin, Peereman, & Fayol, 
2001). Also, instead of touch-typing, participants were asked to use only the index finger 
of their writing hand. This constraint was imposed to control for anticipated individual 
differences in typing skills and manual dexterity that might affect spelling performance, 
especially in Experiment 2 when a between-subject design is used. Although this 
response mode may seem unnatural, single-finger typing is now widely used with a range 
of touch-screen devices.  
Dependent variables.  Both the spelling accuracy rate and the onset latency will 
be analysed. The onset latency is measured from the time-point that participants were 
allowed to respond (e.g., when they were cued to respond) until their first keystroke, i.e., 
the typing out of the first letter. The point that participants were allowed to respond 
varied across the three experiments. Despite the analysis of the spelling accuracy rate, the 
onset latency was the main dependent variable of interest in the present study because it 
is likely to be sensitive. Spelling accuracy may not be sensitive to frequency differences 
in skilled adults’ spelling because performance is often close to ceiling, resulting in 
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limited variance. In contrast, the onset latency can index the ease at which adults initiate 
spelling upon hearing the target (Glover & Brown, 1994; Kreiner, 1992), and this is less 
susceptible to ceiling effects. Moreover, the onset latency could reflect the time for 
spoken word recognition, orthographic retrieval and response execution of the first letter 
- the three loci of word frequency effects under investigation in the present study. 
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Chapter 2: Experiment 1 
Is the locus of word frequency effects at the response execution of the first letter? 
A delayed spelling task was used by Bonin and colleagues (1998) and Bonin, 
Peereman and Fayol (2001) to examine whether the word frequency effects observed 
in the onset latency of a spelling-to-dictation task could be ascribed to the response 
execution, i.e., the writing/typing out of letters. Given that the onset latency is 
measured until the writing/typing out of the first letter only (e.g., Bonin et al., 1998; 
Bonin, Peereman & Fayol, 2001; Bonin & Meot, 2002), the response execution 
examined in the present study concerns only the first letter. The delayed task isolates 
the response execution from the spoken word recognition and orthographic retrieval 
such that the word frequency effects at this locus can be examined exclusively.  
In a delayed spelling task, participants listen to a spoken word, but withhold 
their writing/typing for a variable delay from 1200ms to 1800ms until a cue indicates 
that they should start writing/typing. The onset latency is measured from the onset of 
the cue to the writing/typing of the first letter. Spoken word recognition and 
orthographic retrieval that precedes the writing/typing are assumed to have been 
completed during the delay (see Forster & Chambers, 1973, on delayed word 
naming), whereas the response execution, i.e., the writing/typing out of the first letter 
is blocked by participants’ strategic control during the delay, and is only initiated 
when the cue is shown (Sternberg, Wright, Knoll, & Monsell, 1980). Thus, the onset 
latency, which is measured from the onset of the cue, only captures the response 
execution. The delay separates the response execution of the first letter from the 
spoken word recognition and orthographic retrieval in the spelling-to-dictation task. 
Therefore, if word frequency does not influence response execution, effects should 
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not be found in a condition in which the delay is sufficiently long for the completion 
of word recognition and orthographic retrieval. In contrast, if word frequency does 
influence response execution, effects should be found in this condition, as well as in 
conditions with longer delay.    
This kind of delayed paradigm with a cue has also been used in visual and 
auditory word naming to investigate the effects of psycholinguistic variables on 
response execution (Balota & Chumbley, 1985; McRae, Jared, & Seidenberg, 1990; 
Monsell, Doyle, & Haggard, 1989; Savage, Bradley, & Forster, 1990; Wurm & 
Seama, 2008). Using a delayed paradigm for skilled spelling-to-dictation, Bonin and 
colleagues (1998; 2001) found no effect of word frequency on response execution. 
Although their findings were based on null results of word frequency in the delayed 
task, they are important because for the same delayed spelling-to-dictation task, Bonin 
et al. (2001) reported a significant effect of the initial sound-to-spelling consistency. 
The different findings for these two variables in the delayed task suggested that the 
null effect of word frequency was not due to the idiosyncratic task demand of the 
delayed task.  
Taken together, these findings provide convergent validity of the delayed 
paradigm for examining response execution. Therefore, in Experiment 1, a delayed 
spelling-to-dictation task was used to examine the word frequency effects at the 
response execution of the first letter. Experiment 1 was aimed to replicate Bonin et 
al’s (1998; 2001) findings with French spelling and (tablet) writing in the English 
spelling-to-dictation task with keyboard typing. Participants were asked to type the 
spoken word either immediately at the offset of the word (0ms delay) or at three other 
cued delays after the offset (400, 800, 1200ms delay).  
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 The immediate condition is similar to the normal spelling-to-dictation task 
such that it captures all the processes involved, and was included to replicate word 
frequency effects observed in studies with French-spellers (cf., Bonin et al., 1998; 
2001; Bonin & Meot, 2002). This condition also establishes a baseline for comparing 
with the delayed conditions. Also similar to Bonin and colleagues (1998; 2001), the 
1200ms delayed condition was assumed to be sufficient for the completion of both 
spoken word recognition and orthographic retrieval. This condition was thus used to 
examine word frequency effects on response execution of the first letter. As this 
experiment was intended as a replication of Bonin and colleagues’ (1998; 2001) 
findings and was targeting response execution, no word frequency effect was 
expected in this 1200ms delayed condition. However, if a frequency effect is found 
even in this longest delay-condition, this would suggest either that frequency 
influences response execution, or that the delay is not sufficiently long enough for the 
completion of spoken word recognition and orthographic retrieval. Longer delay 
conditions than 1200ms would then be needed in order to differentiate these two 
interpretations if frequency effect is found in the 1200 delayed condition. If frequency 
genuinely impacts response execution, the effect should also be found in other 
delayed conditions in which the delay is much longer than 1200ms. Lastly, the 
intermediate delayed conditions (400 and 800ms) were included to prevent any 
strategic anticipation that could happen when only one delay was used (Balota & 
Chumbley, 1985). Possible frequency effects of spoken word recognition or 
orthographic retrieval should be found in these two conditions because the delays are 
likely to be too short for the completion of both these processes. Therefore, a 
significant effect of word frequency was predicted in the immediate condition and the 
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intermediate delayed conditions, but not in the 1200ms delayed condition, resulting in 
an interaction between word frequency and delayed conditions.  
Method 
Participants 
Fifty-six Singaporeans took part in the experiment in return for course credit 
or S$10 reimbursement. However, data of eight of them were excluded: three 
achieved an accuracy rate below .85 in the spelling task, which was 2.5 SD lower than 
the mean accuracy rate, or used backspace to make correction more than 24% of the 
trials, which was 2.5 SD from the mean number of backspace usage; one participant 
appeared unable to hear the spelling target clearly
1
; four other participants did not 
adhere to the task and used more than one finger to type. 
The exclusion of eight participants resulted in a final sample of 48 
Singaporeans (17 men and 31 women, mean age = 22.19 years, SD = 2.08). They 
reported no history of speech, language or hearing disorders. Their self-reported 
proficiency on speaking, listening, reading and writing English was 5.86 (SD = 0.88) 
on a Likert-scale with 1 indicating ‘very poor’ and 7 indicating ‘very proficient’. 
Their mean vocabulary age as measured by the vocabulary subtest of Shipley Institute 
of Living Scale (Shipley, 1986, Zachary, 1992; see the Procedure section for details) 
was 17.80 (SD = 1.47). Forty-four of them used their right hand as their writing hand.  
Apparatus  
Instructions, presentation of stimuli, and data collection during the spelling 
task and the vocabulary test were computerized by using E-Prime Version 1.2 
                                                          
1
 For example, she spelled “cabin” as “cabinet”, “hammer” as “humble”, “doctrine” as “doctoral”, 
“acclaim” as “accumulate”, “entice” as “tantalise”, “tulip” as “chili”, “concise” as “consistent” etc. 
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(Schneider, Eschman, & Zuccolotto, 2002). Participants listened to stimuli through 
Sennheiser HD201 headphones and responded by typing on a Dell keyboard. 
Materials 
Stimuli. The spelling targets consisted of 172 high frequency and 172 low 
frequency English bi-syllabic words. The frequency count was taken from the 
SUBTLCD count of the SUBTLEXus database (Brysbaert & New, 2009). This 
frequency count is based on the percentage of the films the word appeared in and is a 
gauge of contextual diversity (Adelman, Brown, & Quesada, 2006). It has also been 
shown to have better predictive power in visual word recognition than other frequency 
counts such as those of Kucera and Francis (1967) and Celex (Baayen, Piepenbrock, 
& van Rijn, 1993). The logarithm of the frequency of the high frequency words 
ranged from 2.57 to 3.90, and that of the low frequency words from 1.00 to 1.73. Each 
high frequency word was yoked with a low frequency word with the same number of 
letters and with the same initial letter. An equal number of letters in both words in a 
pair ensured there was an equal probability of making a mistake because longer words 
require more letters to be typed. Another reason that the length of the target words had 
to be controlled was because past research has found that the onset latency of writing 
and typing was affected by the length of a word, either number of letters or syllables 
(Bonin & Meot, 2002; Sternberg, 1978; Will et al., 2006). Because the onset latency 
is measured until the onset of the first letter, the initial letter of both words in a pair 
were matched to ensure that the position of the first keystrokes on a keyboard was the 
same (Weingarten, Nottbusch, & Will, 2004) and the complexity of the onset was the 
same across the high and low frequency words (Will et al., 2006).    
In addition to this item-wise pairing, the high frequency words and low 
frequency words were also matched group-wise in terms of sound-to-spelling 
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consistency of the onset and rime of each syllable, number of orthographic and 
phonological neighbours (Coltheart, Davelaar, Jonasson, & Besner, 1977; Vitevitch & 
Luce, 1998), orthographic and phonological Levenshtein Neighborhood distance 
(Yarkoni, Balota, & Yap, 2008), bigram count, phonological uniqueness point, 
duration of the spoken target, number of morphemes, number of phonemes and 
imageability, all ps>.1, according to independent sample t-tests. The characteristics of 
these controlled psycholinguistic variables and the rationale for matching are 
described in more detail in Appendix A. The descriptive statistics for the 
psycholinguistic characteristics of the high frequency and low frequency words are 
shown in Table 1. 
Table 1 
Psycholinguistic Characteristics of the High Frequency and Low Frequency Words in 
Experiment 1 
  High Frequency Low Frequency t(342) p 
  M SD M SD     
Log SUBTL-CD frequency 3.14 0.33 1.42 0.19 59.334 <.001 
Number of letters 6.41 0.93 6.41 0.93 .000 1.000 
Number of phonemes 5.47 1.00 5.49 0.90 .042 .967 
Number of morphemes 1.31 0.46 1.39 0.49 -1.585 .114 
Consistency of onset in 1st syllable 0.87 0.17 0.88 0.12 -1.023 .307 
Consistency of onset in 2nd syllable 0.71 0.35 0.75 0.33 .868 .386 
Consistency of rime in 1st syllable 0.48 0.33 0.51 0.30 -.951 .342 
Consistency of rime in 2nd syllable 0.51 0.32 0.51 0.32 -986 .325 
Orthographic neighbour size 1.03 1.75 1.10 1.52 -.362 .717 
Phonological neighbour size 1.66 2.46 1.65 2.70 .042 .967 
Levenshtein orthographic distance 2.23 0.39 2.28 0.41 -1.192 .234 
Levenshtein phonological distance 2.19 0.41 2.24 0.40 -1.059 .290 
Mean bigram frequency 3950.96 1431.13 3820.31 1554.47 .811 .418 
Phonological uniqueness point 5.11 1.44 4.95 1.20 1.140 .255 
Duration of the spoken targets 707.23 105.03 711.12 97.99 -.355 .723 
Imageability 4.23 1.31 4.08 1.28 .770 .442 
 
Recording of the spelling targets. A linguistically-trained Singaporean female 
speaker produced all the spelling targets in a sound-attenuated recording booth. The 
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spoken words were recorded with Computerized Speech Lab (CSL) system and were 
digitized at a 16-bit per 44.1 KHz sampling rate with a single channel. The words 
were saved as individual wav-files and the overall root-mean-square amplitudes were 
digitally leveled with Adobe Audition Version 3. 
Counterbalancing. The 172 pairs of high frequency words and low frequency 
words were divided into four lists of 43 pairs (See Appendix B), with the distribution 
of the initial letter being the same across the lists. The high frequency words and low 
frequency words were matched for the psycholinguistic variables within each list, 
ps>.05. The four lists were then counterbalanced across the four delayed conditions, 
resulting in 24 combinations. Two participants were assigned to each combination at 
random. The order of presentation of the stimuli within each participant was also 
randomized. 
Procedure 
Participants were tested individually and were asked to pay attention to the 
words and the following tone. They were asked to use only the index finger of their 
preferred writing hand to type letters and press buttons. They pressed the spacebar 
without releasing it to initiate each trial, and only released the spacebar and started 
typing once the tone occurred. The pressing of spacebar was included to ensure that 
all participants started at the same position on the keyboard and only started when the 
tone occurred. The participants could use the backspace to make any corrections 
before pressing the “enter” key to go to the next trial. 
Each trial began with a screen asking the participants to press the spacebar. A 
fixation ‘+’ was presented when the participant pressed the spacebar. After 500ms, the 
target word was then presented through the headphones. At the offset of the word, the 
delayed condition varied. For the 0ms delay, a tone of 117ms was presented to cue the 
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participant to start typing at the offset of the word
2
, but the same tone was presented 
at 400ms, 800ms and 1200ms after the offset of the word in the respective delayed 
conditions. The fixation ‘+’ remained on the screen until this tone occurred. After the 
participants finished typing and pressed the “enter” key, a blank screen was shown for 
500ms before the screen asking the participants to press spacebar to initiate the next 
trial. A warning was shown at the end of a trial if participants released the spacebar 
before the tone occurred in that trial. The schematic representation of a single trial can 
be found in Figure 2. Once participants had understood the instructions, they were 
asked to complete 40 practice trials prior to the 344 experimental trials, with short 
breaks every 86 trials. The entire spelling task took participants between 30 to 40 
minutes to complete. After the experimental task, they completed the Shipley 




                                                          
2
 The immediate condition (0ms delay), in which participants started typing immediately at the offset of 
the spoken words differed from the normal spelling-to-dictation in the previous studies (e.g., Bonin et 
al., 1998; Bonin, Peereman & Fayol, 2001; Bonin & Meot, 2002) where participants could start writing 
upon the onset of the spoken words. This modification was important because it ensured that the cue 
always occurred after the spoken words across all the delayed conditions, thereby reducing any 
confusion that could have arisen from the different temporal organization of the cue and the spoken 
word. 
Figure 2. A schematic representation of a single trial in Experiment 1. 
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Vocabulary subtest of the Shipley Institute of Living Scale Version 2 (1986). 
The vocabulary subtest consists of 40 trials with items arranged in order of increasing 
difficulty. For each trial one target word and four other words appear on screen.  
Participants are asked to choose which of the four words has the closest meaning to 
the target word. The test has been widely used in clinical settings and with college 
students as an indicator of verbal functioning (Arnett, 2004). 
Design 
Experiment 1 was a 4 (Delayed Condition: 0ms, 400ms, 800ms, 1200ms) x 2 
(Word Frequency: high vs. low) within-subject design. There were 43 trials in each 
condition generated by crossing Delayed Condition and Word Frequency. 
Results 
In all the data analyses reported in this thesis, both accuracy rates and onset 
latencies were subjected to participant-wise (F1) and item-wise (F2) two-way 
ANOVA. An alpha level of .05 was used for all statistical tests. In Experiment 1, both 
Word Frequency and Delayed Condition were within-factors in the participant-wise 
analysis; Delayed Condition was within-factor and Word Frequency was between-
factor in the item-wise analysis. 
Accuracy rates 
The mean accuracy rates by participants and by items are shown in Table 2. 
The ANOVAs revealed a significant main effect of Word Frequency, F1(1, 
47)=74.111, MSE=.002; F2(1, 342)= 49.442, MSE=.009, ps<.001, indicating that the 
high frequency words were spelled more accurately than the low frequency words. 
The main effect of Delayed Condition was not significant, F1(3, 141)=.185, 
MSE<.001, p=.906; F2(3, 1026)= .229, MSE=.002, p=.876. The interaction between 
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Word Frequency and Delayed Condition was not significant, F1(3, 141)=.669, 
MSE<.001, p=.573; F2(3, 1026)= .578, MSE=.002, p=.629. 
Similar to previous findings, participants spelled high frequency words more 
accurately than low frequency words even though the words were matched on all 
other relevant variables. This difficulty may arise from the fact that participants could 
not recognize the spoken words with low frequency or participants did not have an 
accurate orthographic knowledge of the low frequency words (Bonin, Peereman, & 
Fayol, 2001). This frequency effect did not interact with the delay imposed, and no 
effect of Delayed Condition was found on the spelling accuracy rate. These findings 
suggested that the spelling mistake essentially arose from an inaccurate auditory 
recognition of the stimulus or inaccurate orthographic knowledge rather than 
interference from the cue or the time pressure caused by the various delays. Also, 
given that the accuracy rate of both high and low frequency words was above .90, it 
was assured that the onset latency would not have been affected by any biased 
selection of words. The findings on accuracy rates are not discussed further because 
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Table 2 
Accuracy Rates and Onset Latencies by participants and by items as a function of Word Frequency 
and Delayed Condition 
  By Participants (N=48)   By Items (N=344) 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
Accuracy Rates 
        0ms 0.987 0.016 0.958 0.040 
 
0.987 0.036 0.958 0.076 
400ms 0.990 0.015 0.954 0.045 
 
0.990 0.031 0.954 0.090 
800ms 0.991 0.014 0.953 0.044 
 
0.991 0.030 0.953 0.084 
1200ms 0.993 0.014 0.956 0.044 
 
0.993 0.023 0.956 0.077 
 
Onset Latencies 
        0ms 761.911 151.289 802.446 143.037 
 
762.900 77.356 805.760 90.004 
400ms 641.361 136.791 659.689 138.408 
 
641.458 63.568 661.476 61.774 
800ms 610.391 123.552 624.608 126.142 
 
610.935 50.019 627.967 57.182 
1200ms 607.882 114.157 609.668 116.521   607.989 44.871 613.138 49.124 
 
Onset latencies 
The onset latencies for acceptable trials were measured from the onset of the 
tone until the first keystroke. Inaccurately-spelled trials (2.7%), and accurately-spelled 
trials in which participants corrected the first keystroke (0.4%), released the spacebar 
before the tone occurred (0.6%), or used more than 3 seconds or fewer than 100ms to 
type the first letter (0.2%) were excluded. Onset latencies which were 2.5SD below or 
above the means for each design cell were also excluded (2.7%). Together these data-
cleaning processes resulted in 6.6% of the total number of trials being excluded from 
the analysis reported here.
3
  
                                                          
3
 Another analysis with a more stringent exclusion criterion was also conducted such that trials in 
which participants used backspace to correct their typing of any letter were also excluded. This 
stringent criterion was imposed because the onset latency used to type the first letter of a mistyped 
response which was corrected might not be a valid indication of how a correct spelling is achieved. 
This exclusion of corrected trials was also employed by Bonin et al. (1998) who did not allow 
correction of spelling errors. Nonetheless, the result of this analysis was found to be in the same pattern 
as the analysis of the less stringent criteria, so it was not reported here, but in Appendix C. 
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The mean onset latencies by participants and by items are shown in Table 2. 
The ANOVAs revealed significant main effects of Word Frequency, F1(1, 
47)=32.843, MSE=1023.927; F2(1,342)= 22.444, MSE=6930.802, ps<.001, and 
Delayed Condition, F1(3, 141)=190.291, MSE=3255.240; F2(3, 1026) =732.199, 
MSE=3046.360, ps<.001. The main effects were qualified by a significant interaction 
between Word Frequency and Delayed Condition, F1(3, 141)=9.742, MSE=643.045; 
F2(3, 1026)= 7.016, MSE=3046.360, ps<.001. Consistent with the hypothesis, follow-
up analysis showed that the interaction was caused by the fact that the spelling of high 
frequency words was initiated significantly faster than the spelling of the low 
frequency words in the 0ms delayed condition, t1(47)=6.181, t2(342)=4.736, ps<.001, 
400ms delayed condition, t1(47)=2.626, p=.012; t2(342)=2.962, p=.003, 800ms 
delayed  condition, t1(47)=2.859, p=.006; t2(342)=2.940, p=.004, but not in the 
1200ms delayed condition, t1(47)=.695, p=.491; t2(342)=1.015, p=.311. 
Discussion 
 A normal spelling-to-dictation task combined with a delayed paradigm was 
conducted in Experiment 1 in order to replicate the word frequency effects observed 
in previous research on skilled spelling-to-dictation and also to examine the effects on 
the response execution of the first letter. In the immediate condition (0ms), the onset 
latency reflected spoken word recognition, orthographic retrieval and response 
execution, whereas in the 1200ms delayed condition, the onset latency only reflected 
the response execution of the first letter.   
Consistent with the hypothesis, an interaction between word frequency and 
delayed condition was found, such that the spelling of high frequency words was 
initiated significantly faster than low frequency words in the immediate condition and 
the 400ms and 800ms delayed conditions, but no significant difference was found in 
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the 1200ms delayed condition. These results for English replicate previous findings in 
French that word frequency affects spelling-to-dictation in the immediate condition 
even though there were minor differences in the operationalization of the onset 
latency
4
 (Bonin et al., 1998; Bonin, Peereman, & Fayol, 2001; Bonin & Meot, 2002). 
The results also replicate Bonin and colleagues’ (1998; 2001) findings that the locus 
of these observed word frequency effects in the spelling-to-dictation task is not at the 
response execution of the first letter because no frequency effect was found in the 
1200ms delayed condition. Importantly, given that no frequency effect was found in 
this delayed condition, the other two potentially frequency-sensitive processes, i.e., 
spoken word recognition and orthographic retrieval, should have been completed 
during the 1200 delay. This meant that no additional experiment with even longer 
delays was necessary.   
Interestingly, this result is not consistent with the findings of Cohen Priva 
(2010), Inhoff (1991) and Gentner et al. (1988) that suggested word frequency could 
affect response execution. This difference is probably due to the fact that these 
researchers examined the inter-letter duration and spelling duration, instead of the 
onset latency. The onset latency in the 1200ms delayed condition measures the 
response execution of the first letter. In contrast, the inter-letter duration measures the 
duration between the typing/writing of a letter and the next letter, and the spelling 
duration measures the duration between the typing/writing of the first letter and the 
last letter. Thus, these two dependent variables measure the response execution during 
the typing/writing of the entire string of letters in a word, which happens after the 
execution of the first letter.  
                                                          
4
 The onset latency of the immediate spelling in the present experiment was measured from the offset 
of the spoken word whereas that of in the past research was measured from the onset of the spoken 
word.  
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After the first letter has been typed or written, it is possible that re-access of 
the phonological or orthographic lexicon occurs, and/or a cascaded effect of word 
frequency happens (Inhoff, 1991; Delattre et al., 2006), resulting in a word frequency 
effects on the inter-letter duration and spelling duration. In the present experiment, 
there was a sufficient delay of 1200ms in the delayed spelling task such that spoken 
word recognition and orthographic retrieval which might be sensitive to word 
frequency could be completed before the execution of the first letter. However, there 
was no such delay before the starting point of the measurement of inter-letter duration 
or spelling duration, thus no delay to absorb any frequency effects related to re-access 
of the phonological or orthographic lexicon, and/or the cascaded frequency effects 
during the inter-letter execution and the execution of the whole strings. Thus it 
remains possible that the word frequency effects found for both the inter-letter 
duration and spelling duration are not related to the response execution. Nonetheless, 
because investigation of inter-letter duration and spelling duration requires control of 
linguistic boundaries, and physical constraint of hand movement, this is beyond the 
scope of the present experiment which focuses on the frequency effects on the onset 
latency. 
In sum, the word frequency effects observed in the immediate spelling-to-
dictation condition (0 ms), are not located at the response execution of the first letter 
because no frequency effect was found in the 1200ms delayed condition. Therefore, 
Experiment 2 was conducted to investigate if the locus of the word frequency effect 
observed in the immediate spelling-to-dictation condition in Experiment 1 is at the 
spoken word recognition and/or at the orthographic retrieval.
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Chapter 3: Experiment 2 
Is the locus of word frequency effects at the spoken word recognition and/or at the 
orthographic retrieval? 
After establishing that the response execution of the first letter in the spelling-
to-dictation is not influenced by word frequency, Experiment 2 was designed to 
investigate if the word frequency effects observed in skilled spelling-to-dictation are 
located at the spoken word recognition and/or orthographic retrieval, the other two 
proposed loci. As mentioned earlier, it has been well-established that spoken word 
recognition is influenced by word frequency (Dahan & Magnuson, 2006; Jusczyk & 
Luce, 2002), whereas no empirical evidence has been established for word frequency 
effects on the orthographic retrieval during spelling-to-dictation. Therefore, it is of 
theoretical importance to investigate whether some of the word frequency effects in 
spelling can be attributed to the process of orthographic retrieval and, if so, to 
examine how they are distributed between spoken word recognition and orthographic 
retrieval. Together with the results of Experiment 1, the outcome of Experiment 2 
should provide new information about the locus of word frequency effects in skilled 
spelling-to-dictation.   
In order to investigate the orthographic retrieval in the spelling-to-dictation 
task exclusively, a delayed/uncertain task modeled after Almeida, Knobel, Finkbeiner 
and Caramazza (2007) was used. The onset latency in this task reflects only the 
orthographic retrieval and response execution of the first letter. With response 
execution being ruled out in Experiment 1, this amounted to studying the word 
frequency effects on the orthographic retrieval exclusively.  
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Almeida and colleagues (2007) used the delayed/uncertain task to examine the 
locus of word frequency effects in oral picture naming. In order to study frequency 
effects on lexical access exclusively, they isolated the lexical access from the 
preceding picture recognition by introducing a delay interval and task uncertainty. In 
their experiment, participants were first shown a picture without knowing whether to 
name or to categorize it. They could only initiate their response after a delay of 
1000ms when they were shown a cue revealing which task to perform. The 
measurement of the response time only began at the onset of the cue. The authors 
assumed the picture recognition was completed during the delay before the onset of 
the cue, thus it would not be captured by the response time. On the other hand, the 
authors assumed that the participants would not initiate the lexical access during the 
delay because they were not certain about which task to perform before the cue was 
shown. The participants only initiated lexical access at the onset of the cue, so the 
lexical access would be captured by the response time. The response time thus reflects 
the lexical access without the preceding picture recognition.  
Experiment 2 followed a similar design so that the orthographic retrieval could 
be separated from the spoken word recognition, and hence the frequency effects on 
the orthographic retrieval could be examined solely. After hearing the word, 
participants only knew whether to perform a spelling-to-dictation task (25% trials) or 
an imageability rating task (75% trials) when a cue was shown 1200ms after the offset 
of the spoken word. The task bias and uncertainty was introduced to prevent 
participants from initiating the orthographic retrieval after completing the spoken 
word recognition during the 1200ms delay. It was assumed that participants would 
only initiate the orthographic retrieval at the onset of the cue which revealed which 
task to perform. On the other hand, based on the results from Experiment 1, spoken 
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word recognition would have been completed during the delay. Therefore, the onset 
latency, which was measured from the onset of the task cue until the first keystroke 
will only capture the task cue decision, orthographic retrieval and response execution. 
In this way, orthographic retrieval was isolated from the preceding spoken word 
recognition. 
Additionally, following Almeida et al.’s (2007) manipulation, the task ratio 
between the spelling and imageability rating was made 1:3. This unbalanced task ratio 
should motivate the participants to engage in the imageability rating and prevent them 
from initiating orthographic retrieval during the delay because people tend to make 
decision according to probability under uncertainty (Koehler & James, 2009). This 
manipulation ensured that the orthographic retrieval was only initiated at the onset of 
the task cue, which was also the start of the measurement of the onset latency. Thus, 
the onset latency in the delayed/uncertain task would capture the orthographic 
retrieval without the spoken word recognition. 
In a similar vein, an immediate/uncertain task in which the onset latency 
captures both the spoken word recognition and the orthographic retrieval was 
conducted as a comparison condition to the delayed/uncertain task. The manipulation 
of the immediate/uncertain task was identical to the delayed/uncertain task except that 
there was no delay interval. The task cue was shown at the offset of the spoken word 
instead of 1200ms after. There was no delay interval during which the spoken word 
recognition could be completed. Therefore, the onset latency measured in the 
immediate/uncertain task captured also spoken word recognition, in addition to task 
cue decision, orthographic retrieval and response execution. By comparing the 
frequency effects in the immediate/uncertain task with the delayed/uncertain task 
which did not capture spoken word recognition (see Figure 3), the frequency effects 
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on the spoken word recognition in the spelling-to-dictation could be examined and 
how the frequency effects are distributed between the spoken word recognition and 
orthographic retrieval could be studied if both loci are found to be affected by word 
frequency.   
 
In summary, the onset latency in the delayed/uncertain task captured only task 
cue-decision, orthographic retrieval and response execution whereas the 
immediate/uncertain task captured spoken word recognition in addition to these three 
processes (see Figure 3). If word frequency effects are located at both spoken word 
recognition and orthographic retrieval, frequency effects should be found in both 
tasks, but the effects should be significantly larger in the immediate task than the 
delayed task, resulting in an interaction between word frequency and task. This is 
because the immediate task captured spoken word recognition that was not captured 
by the delayed task, and both tasks captured orthographic retrieval (see Figure 4a). 
Figure 3. An illustration showing the manipulation of Experiment 2. Different processes are 
captured by the onset latency in the delayed/uncertain task and the immediate/uncertain task. 
The dashed lines indicate the starting point of the measurement of the onset latency in each task. 
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However, if word frequency effects are located at the spoken word recognition only, 
frequency effects should only be found in the immediate task but not significant in the 
delayed task, resulting in an interaction between word frequency and task. This is 
because only the immediate task captured spoken word recognition (see Figure 4b). 
Lastly, if word frequency effects are located at the orthographic retrieval only, 
frequency effects of equal size should be found in both tasks, no interaction between 
word frequency and task should be found. This is because the orthographic retrieval 
was captured by both tasks (see Figure 4c).  








Figure 4. Predictions of Experiment 2. Each panel shows the possible locus/loci of word 
frequency effects in skilled spelling-to-dictation and corresponding frequency effects found in 
the delayed/uncertain and immediate/uncertain tasks in Experiment 2.  




Eighty-nine Singaporeans took part in Experiment 2 in return for course credit 
or S$10 reimbursement. However, the data of nine participants were excluded due to 
the following reasons: two of them responded before the task cue occurred in more 
than 50% of the trials; the imageability rating of three participants was either 
negatively correlated or showed a minimal correlation (r=0.2) with the imageability 
norms (Schock, Cortese, & Khanna, in press; for norming ratings, see Appendix A); 
one participant used backspaces to make correction in the spelling trials for more than 
35% of the trials, which was 2.62 SD above the mean for backspacing; one participant 
spelled only 64% of the words correctly, which was 7.37 SD below the mean accuracy 
rate; and two participants used longer than 2.5 SD above the mean onset latency to 
initiate the typing of the first letter. The final sample therefore consisted of 80 
participants. 
Forty (17 men and 23 women, 35 right-handers) took part in the 
delayed/uncertain task whereas another 40 (11 men and 29 women, 36 right-handers) 
took part in the immediate/uncertain task. None of these participants took  part in 
Experiment 1, and all reported no history of speech, language or hearing disorders. 
Each participant was randomly assigned to one of the two conditions: 
immediate/uncertain or delayed/uncertain response.  These two groups were matched 
on age and self-reported proficiency in speaking, listening, reading and writing 
English (p>.600), but the mean vocabulary age of the delayed/uncertain group was 
marginally significantly higher than that of the immediate/uncertain group, p=.093. 
The descriptive statistics of the participants’ characteristics are shown in Table 3.  
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Table 3 
Participants' Characteristics in Experiment 2 
     Immediate/Uncertain   Delayed/Uncertain 
  M SD   M SD 
Age 20.975 2.130 
 
20.775 1.459 
Self-reported proficiency 5.613 0.824 
 
5.688 0.713 
Vocabulary age 17.290 0.977   17.725 1.291 
 
Apparatus 
 The apparatus was the same as Experiment 1. 
 Materials 
 Eighty-four high frequency and 84 low frequency words were selected such 
that the mean accuracy of each word was at least .92 in Experiment 1. This was to 
ensure that the stimuli used in Experiment 2 were clear and familiar to the 
participants. The psycholinguistic variables of the high frequency words and low 
frequency words were matched group-wise, all ps>.1, except for the frequency and 
accuracy rate The distribution of the beginning letter was also the same across the two 
groups of words. The psycholinguistic characteristics of these two groups of words 
are shown in Table 4. Another 176 stimuli used in Experiment 1 were selected as the 
stimuli for the imageability rating trials (imageability ratings ranging from 1.56 to 
6.90, M = 4.19, SD = 1.30, Schock et al., in press; for norming study, see Appendix 
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Table 4 
Psycholinguistic Characteristics of the High Frequency and Low Frequency Words in Experiment 2 
   High Frequency Low Frequency t (166) p 
  M SD M SD     
Log SUBTL-CD frequency 3.15 0.35 1.47 0.17 39.539 <.001 
Number of letters 6.44 0.88 6.46 0.83 -.180 .857 
Number of phonemes 5.52 0.96 5.58 0.91 -.412 .681 
number of morphemes 1.32 0.47 1.44 0.50 -1.591 .113 
Consistency of Onset 1st syllable 0.88 0.15 0.88 0.11 -.064 .949 
Consistency of Onset 2nd syllable 0.73 0.35 0.73 0.33 .121 .904 
Consistency of Rime 1st syllable 0.48 0.34 0.55 0.29 -1.422 .157 
Consistency of Rime 2nd syllable 0.54 0.30 0.58 0.28 -.708 .480 
Orthographic Neighbours 1.04 1.80 1.06 1.45 -.094 .925 
Phonological Neighbours 1.73 2.43 1.56 2.34 .453 .651 
Levenshtein orthographic distance 2.24 0.38 2.27 0.41 -.439 .661 
Levenshtein phonological distance 2.20 0.38 2.25 0.39 -1.003 317 
Mean Bigram frequency 3876.67 1466.18 3864.66 1622.99 .050 .960 
Phonological Uniqueness Point 5.21 1.40 5.13 1.33 .395 .693 
Duration of the spoken targets 709.32 116.47 719.96 97.29 -.863 .389 
Imageability 4.10 1.31 4.26 1.23 -.824 .411 
Mean accuracy in Experiment 1  0.99 0.01 0.98 0.02 3.717 <.001 
 
Counterbalancing. The lists of high and low frequency words were both 
divided into two sets such that the psycholinguistic variables were matched across the 
two sets within the frequency group, as well as matched with the other two sets in the 
other frequency group on all variables except frequency (all ps>.1). The distribution 
of the beginning letter was also the same across these four sets of words. The four 
lists were then counterbalanced such that only one set from each frequency group was 
used as the spelling stimuli for individual participants whereas the other set in each 
frequency group were used for the imageability rating along with the 176 stimuli. This 
counterbalancing resulted in 4 combinations with 10 participants randomly assigned 
to each combination in each participant group (delayed/uncertain vs. 
immediate/uncertain). Therefore, an individual participant went through 84 spelling 
trials, half of the stimuli being high frequency and the other half low frequency, and 
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252 imageability trials. The ratio of the spelling trials to the imageability rating was 
thus 1:3. The counterbalanced list of stimuli is shown in Appendix D and the stimuli 
for imageability rating are shown in Appendix E.  
Randomization. The order of the presentation of the imageability trials and 
spelling trials was pseudorandomized by a computer program such that spelling trials 
were not consecutive, the number of imageability trials between any two spelling 
trials was not repeated, and after the break, at least two imageability trials were 
presented before a spelling trial. 
Procedure 
Participants were tested individually. They were asked to pay attention to the 
words and the subsequent task cue which was either a rating scale or a white box. 
When a rating scale was shown, participants were required to make an imageability 
rating by pressing 1 to 7 of the number row on the keyboard. The instructions for the 
imageability task were based on Cortese and Fugett’s (2004) procedure using a 
Likert-scale ranging from 1 (low) to 7 (high). When a white box was shown, 
participants were required to type the spoken word heard. Participants were asked to 
use only the index finger of their writing hand to do the typing and the rating. They 
pressed the spacebar without releasing it to initiate each trial, and they only released 
the spacebar and started typing, or pressing the rating number, once the task cue 
occurred. As in Experiment 1, this was to ensure that all participants started at the 
same point of time and the same position on the keyboard.  
Each trial began with a screen asking the participants to press the spacebar. A 
fixation ‘+’ was presented once the participant had pressed the spacebar. After 500ms, 
the target word was then played over the headphones. At the offset of the word, the 
immediate task and delayed task varied. For the immediate task, the colour of the 
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fixation “+” was changed from white to yellow while the task cue, either a rating scale 
for the imageability rating or a white box for the spelling, was presented at the offset 
of the words. For the delayed task, a delay of 1200ms, 1300ms or 1400ms occurred 
before the change of the colour of the fixation “+” and the presentation of the task 
cue. The fixation “+” remained on the screen during the delay. The jittering of the 
delay was employed to prevent the participants from anticipating their response 
(Balota & Chumbley, 1985; Bonin et al., 2001). There was equal number of trials with 
these three delay periods among the high and low frequency words within the spelling 
trials, and within the imageability rating trials in the delayed task. The pairing of the 
delay periods with the spoken target was randomized within each participant. 
For both tasks, at the onset of the task cue, participants released the spacebar 
and responded according to the task cue by using their index finger of their writing 
hand. Once they had pressed a number in the imageability rating, or the “enter” key in 
the spelling trial, a blank screen was shown for 500ms before the next trial began. A 
warning was shown at the end of a trial if participants released the spacebar before the 
task cue occurred in that trial. 
Before the experiment proper, participants first went through a block of nine 
trials of imageability rating and then a block of nine spelling trials. After that, they 
were asked to complete 42 practice trials with a mix of equal numbers of imageability 
rating and spelling trials. They were then introduced to the experiment proper with the 
first 24 trials as filler trials and with a ratio of spelling trials to imageability rating as 
1:3, similar to the ratio of the experimental trials. These fillers were to bias the 
participants into an “imageability rating mode” before they came across the first 
experimental spelling trial. The main experiment took 30 to 40 minutes to complete. 
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Design 
Experiment 2 was a 2 (Word Frequency: high vs. low) x 2 (Task: Immediate 
vs. Delayed) mixed design. Word frequency was within-subjects factor; Task was a 
between-subjects factor. There were 42 high frequency words and low frequency 
words respectively. 
Results 
Imageability rating task 
The imageability rating of each participant was first correlated with the 
imageability norms (Schock et al., in press; norming rating, see Appendix A for more 
details). This analysis was conducted on an individual basis to check the participants’ 
compliance with the task. The mean correlation coefficient across the original 89 
participants was .578 (SD= .197). As mentioned earlier in the participants section, 
among the excluded nine participants, the data of three participants whose rating 
showed either a negative correlation or a minimal correlation (r=0.2) were excluded. 
The imageability ratings will not be analyzed or discussed further.  
Spelling-to-dictation task  
Both accuracy rates and onset latencies of the spelling-to-dictation trials were 
subjected to both participant-wise (F1) and item-wise (F2) two-way ANOVA. The 
onset latency was measured from the onset of the task cue until the first keystroke. In 
the participant-wise analysis, Word Frequency was a within-factor and Task was a 
between-factor. In the item-wise analysis, Task was a within-factor and Word 
Frequency was a between-factor. An alpha level of .05 was used for all statistical 
tests. 
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Accuracy rates 
The mean accuracy rates by participants and by items are shown in Table 5. 
The ANOVAs revealed a significant main effect of Word Frequency, F1 (1, 78) 
=5.623, MSE<.001, p=.020; F2(1, 166)=4.730, MSE=.001, p=.031, indicating that the 
high frequency words were spelled more accurately than the low frequency words. 
The main effect of Task was not significant, F1(1, 78)=.003, MSE=.001, p=.955; F2(1, 
166)=.010, MSE=.001, p=.919, and neither was the interaction between the Word 
Frequency and Task, F1(1, 78)=2.024, MSE<.001, p=.159; F2(1, 166)=2.324 , 
MSE=.001, p=.129. The result is similar to Experiment 1, so the spelling accuracy rate 
will not be discussed further.  
Table 5 
Accuracy Rates and Onset Latencies by participants and by items as a function of Word Frequency 
 and Task 
  By Participants   By Items 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
Accuracy Rates 
        Delayed 0.985 0.027 0.982 0.028 
 
0.985 0.026 0.982 0.028 
Immediate 0.989 0.015 0.977 0.035 
 
0.989 0.025 0.977 0.037 
          Onset Latencies 
        Delayed 884.122 77.462 890.088 82.806 
 
884.107 46.076 889.660 40.498 
Immediate 876.377 98.853 900.106 102.623   878.081 45.119 900.789 48.272 
 
Onset latencies 
Inaccurately-spelled trials (1.7%) and accurately-spelled trials in which 
participants corrected the first keystroke (2.4%) or released the spacebar before the 
task cue occurred (1.2%) or used more than 3 seconds or fewer than 100ms to type the 
first letter  (0.1%) were first excluded. After these exclusions, onset latencies which 
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were 2.5 SD below or above the means were (1.3%) excluded. Together, 7.6% of the 
total trials were thus excluded from the analysis reported here. As for Experiment 1, 
another analysis with the more stringent exclusion criteria was also conducted. The 
result of this analysis showed the same pattern as the analysis of the less stringent 
criteria, so it is not reported here but in Appendix F. 
The mean onset latencies by participants and by items are shown in Table 5. 
The ANOVAs revealed a significant main effect of Word Frequency, F1(1, 
78)=13.331, MSE=661.417, p<.001; F2(1,166)=5.912, MSE=2836.854, p=.016, 
indicating that high frequency words were spelled more quickly than the low 
frequency words. There was no main effect of Task, F1(1, 78)=.003, MSE=15918.904, 
p=.955; F2(1, 166)=.445 , MSE=1227.677, p=.505, but the  interaction between Word 
Frequency and Task was significant, F1(1, 78)=4.771, MSE=661.417, p=.032; F2(1, 
166)=5.034, MSE=1227.677, p=.026. Follow-up analysis showed that the frequency 
effect was only significant in the immediate task, t1(39)=4.704, p<.001; t2(166)= 
3.150, p=.002, but not in the delayed task, t1(39)=.935, p=.356; t2(166)= .830, p=.408. 
Discussion 
A delayed/uncertain task was compared with an immediate/uncertain task in 
Experiment 2 to examine the word frequency effects on orthographic retrieval and 
spoken word recognition, given that Experiment 1 has established that the response 
execution of the first letter is not affected by word frequency. The onset latency in the 
delayed/uncertain task captured only task cue decision, orthographic retrieval and 
response execution, without capturing the spoken word recognition which had been 
completed during the delay. Therefore, the word frequency effects on the 
orthographic retrieval could be studied exclusively. In contrast, the onset latency in 
the immediate/uncertain task captured spoken word recognition in addition to the 
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processes captured in the delayed/uncertain task because no delay was introduced for 
the completion of the spoken word recognition. By comparing the frequency effects in 
these two tasks, the frequency effects on spoken word recognition could also be 
evaluated. If both loci are affected by word frequency, the comparison of the effect 
size of the word frequency between the two tasks could also reveal how the frequency 
effects are distributed between the two loci.  
The results showed an effect of word frequency in the immediate/uncertain 
task but not in the delayed/uncertain task, suggesting that word frequency effects 
observed in the spelling-to-dictation task are due to spoken word recognition solely 
and that orthographic retrieval is not affected by word frequency. These results are 
consistent with previous findings in spoken word recognition research in which word 
frequency influences spoken word recognition (Connie et al., 1990; Dahan & 
Magnuson, 2006; Goh et al., 2009; Jusczyk & Luce, 2002; Marslen-Wilson, 1990). 
However, they are not consistent with the proposal by Bonin and colleagues (1998; 
2001; 2002), Delattre et al. (2006), Rapp and Dufor (in press) and Houghton and 
Zorzi (2003), that orthographic retrieval is affected by word frequency.  
This inconsistency, and the null frequency effect in the delayed/uncertain task, 
raises the question of whether orthographic retrieval was initiated during the 1200ms 
delay despite the introduction of task uncertainty and bias towards imageability 
ratings.  If this was the case, the possible frequency effects in orthographic retrieval 
would not be captured by onset latency. This is because participants could initiate the 
orthographic retrieval during the delay (despite the bias and uncertainty) or simply 
prepare for both tasks during the delay. However, it seems unlikely that they were 
engaged in such a preparation for at least three reasons. First, Almeida and colleagues 
(2007) found a frequency effect for the lexical access in picture naming task in similar 
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delayed/uncertain paradigm, suggesting that the null effects observed in the present 
study were not due to the idiosyncrasy of the task. Second, the unbalanced task ratio 
and task uncertainty should induce participants to prepare imageability ratings rather 
than spelling because people tend to act according to probability (Koehler & James, 
2009). Finally, but importantly, it is possible to compare the mean onset latencies 
across frequency in Experiment 1 and Experiment 2. Although individual differences 
across the experiments make conclusions tentative, the evidence presented below 
suggests that minimal preparation for spelling took place during the delayed/uncertain 
condition. 
Table 6 shows the mean onset latencies for spelling and the reaction times for 
the  imageability ratings
5
 in the immediate (0ms delay) and 1200 delayed conditions 
in Experiment 1 and 2. It was assumed in Experiment 2 that participants would 
prepare for the imageability rating (75% trials) during the delay rather than the 
spelling. If so, they should be faster in the delay condition than the immediate 
condition in the imageability trials. An independent t-test comparing the reaction time 
of imageability rating in the delayed condition and immediate condition revealed a 
significant difference, t(78)=2.559, p=.012, confirming this assumption. This is in 
contrast to spelling trials in Experiment 2, in which no effect of delayed vs. immediate 
condition was found, t(78)=.057, p=.955, suggesting that participants did not prepare 
for the spelling trials during the 1200ms delay. Also, a comparison of the onset 
latencies of spelling in Experiment 1 and Experiment 2 lends further support even 
though different participants were involved. By comparing the immediate condition 
(0ms) in Experiments 1 and 2, where the only difference was the task uncertainty, it 
                                                          
5
 The results of imageability rating shown and discussed here were based on the 84 trials which were in 
the counterbalanced list for spelling trials, to facilitate comparison with the spelling results in 
Experiment 2. The results are similar to the results if all 252 imageability trials were considered. The 
outliers were discarded in a similar way to spelling trials, except that there was no accuracy criterion. 
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can be deduced that the task decision itself (spelling or imageability rating) took 
around 106.063ms on average by subtraction of the onset latencies between the two 
experiments. In contrast, the difference in the 1200 ms delayed condition between 
Experiments 1 and 2 was the time for the task decision and orthographic retrieval (i.e., 
the preparation for spelling). Recall that it was assumed participants were not 
preparing for spelling in Experiment 2, but were doing so in Experiment 1 when there 
was no task uncertainty. The assumption would be violated if the onset latency 
difference in the delayed condition of the two experiments was similar to the time 
taken for task decision, i.e., 106.063ms deduced above, without any additional 
difference due to the time taken for the orthographic retrieval in Experiment 2. 
However, the onset latency difference of the delayed condition in Experiments 1 and 
2 was 278.330ms on average by subtraction (see Table 6). As this difference is much 
larger than the task decision time, it suggests that participants in the delayed/uncertain 
condition of Experiment 2 only initiated orthographic retrieval when the  task cue was 
given, and did not prepare for the spelling during the delay. 
Table 6 
      Mean onset latencies of spelling and reaction times of imageability rating in Experiment 1 
and 2 
  








  M SD M SD M SD 
delay 0ms 782.179 147.854 888.242 100.826 1176.225 265.277 
delay 1200ms  608.775 114.740 887.105 79.726 1029.990 245.812 
 
 Admittedly, this justification for the assumption that participants do not 
prepare for spelling is based on comparisons across individuals and experiments, 
without a reliable statistical testing. In future experiments of this kind, participants 
should be asked to go through both the delayed/uncertain condition in Experiment 2 
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and the 1200 delayed condition in Experiment 1 to ensure individual differences are 
accounted for. Nonetheless, the evidence from the present studies suggested that the 
orthographic retrieval was only initiated upon the task cue in the delayed/uncertain 
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Chapter 4: Experiment 3 
Is word frequency-sensitive process in the spelling-to-dictation task attention-
demanding and/or automatic? 
The findings from Experiment 1 and 2 suggest that spoken word recognition is 
the only process that is affected by word frequency in the spelling-to-dictation task. 
However, these findings do not reveal the mechanism underlying the frequency 
effects on spoken word recognition in the task. To this end, Experiment 3 was aimed 
to examine this mechanism in terms of attentional demands. In the spelling-to-
dictation task, participants have to recognize the exact spoken word for the retrieval of 
its corresponding orthographic representation. The spoken word recognition involved 
can be attention-demanding given that the word is presented in isolation without any 
meaningful context. Thus, it was hypothesized that the mechanism of frequency 
effects on spoken-word recognition during the spelling-to-dictation is attention-
demanding. To test this hypothesis, a dual task or a psychological refractory period 
(PRP, Pashler, 1994) task, in which participants have to allocate their attention to two 
tasks in sequence, was conducted. Research based on the PRP paradigm have been 
fruitful in delineating the attentional demand of various psycholinguistic processes 
and constraining the models of each process (e.g., Cleland, Gaskell, Quinlan, & 
Tamminen, 2006 and McCann, Remington, & Van Selst, 2000 on lexical decision; 
Dent, Johnston, & Humphreys, 2008 on picture naming; Reynolds & Besner, 2006 on 
reading aloud). This work also sheds light on the locus of effects from the perspective 
of attention in addition to traditional psycholinguistic models. Therefore, Experiment 
3 was conducted to examine the locus of word frequency effects in spelling-to-
dictation.  
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The PRP 
According to Pashler (1994), attentional demand is defined loosely in the PRP 
as the demand for central attention. The central attention refers to capacity and 
processing resources. A central process is attention-demanding and dominates all 
processing resources such that it creates a bottleneck that does not allow other central 
processes to proceed. An automatic process is a pre-central process that does not 
demand any central attention such that it can proceed in parallel with an attention-
demanding central process. 
In a PRP paradigm, participants respond in sequence to a dual task situation. 
The Task 1 (T1) is normally a simple two-choice task, such as tone or colour 
discrimination. The Task 2 (T2) is the task of interest, such as lexical decision, picture 
naming or spelling-to-dictation. Stimulus of each task is presented in sequence. The 
duration between the onset of the stimulus for T1 (S1) and the onset of the stimulus 
for T2 (S2), known as stimulus onset asynchrony (SOA), is manipulated. The SOA is 
manipulated to examine how the attention-demanding central process of T1 affects 
the process of T2 that is sensitive to the effect of interest. The results will thus reveal 
whether this process of T2 is an attention-demanding central process that cannot 
proceed in parallel with the central process of T1, or is an automatic pre-central 
process that can proceed in parallel. Further details of this paradigm are discussed 
below in terms of word frequency effects. 
As shown in Figure 5, at the short SOAs (e.g., 100ms or 200ms), the 
processing for both T1 and T2 starts at around the same time. Because the central 
process of T1 dominates the processing resources first, no resources are left for the 
central process of T2. Only the automatic pre-central process of T2 can proceed in 
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parallel with the central process of T1. Therefore, although the pre-central process of 
T2 completes before the central process of T1 ends, the following central process of 
T2 cannot initiate and proceed as usual. The central process of T2 can only initiate 
when the central process of T1 is completed. A delay is thus created between the pre-
central process and central process of T2. This delay is known as a cognitive slack. 
This cognitive slack will absorb the word frequency effects, i.e., no effect is found in 
the reaction time, if the effects are located at the automatic pre-central process of T2. 
In contrast, if the frequency effects are located at the central process of T2, the effects 
will be found in the reaction time because the central process only starts after the 
cognitive slack, so no effect is absorbed. Two short SOA conditions, for example 
100ms and 200ms, are normally used to test if a bottleneck is really created by T1 and 
if this bottleneck does halt the central process of T2. According to Pashler (1994), if a 
bottleneck is created, the reaction time for T2 will increase linearly with the 
decreasing of SOA in the shortest range of SOA, resulting in a slope of -1 with 
reaction time of T2 plotted against SOA. This is because the closer the two stimuli are 
when being presented, the longer the central process of T2 has to wait for T1 to be 
completed. On the other hand, at the long SOA (e.g., longer than 800ms), the entire 
processing of T2 only starts after the central process of T1, so no cognitive slack is 
created. Therefore, no effect would be absorbed, a full-fledged word frequency effect 
should be found, similar to that found in a single task situation. The long SOA 
condition is a comparison condition to examine the extent to which an effect is 
absorbed in the short SOA conditions. 
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In a typical PRP experiment (e.g., Dent et al., 2008; McCann et al., 2000; 
Reynolds & Besner, 2006), both S1 and S2 are visual stimuli and their information 
can be presented all at once. The SOA is manipulated between the onset of S1 and the 
onset of S2. On the other hand, in experiments in which S2 is a spoken word (e.g., 
Cleland et al., 2006; Tamminen, Cleland, Quinlan & Gaskell, 2006), the auditory 
information of spoken words (S2) unfolds over time and is only fully delivered 
towards the end of the word. The SOA is thus manipulated between the onset of S1 
and the end of S2 instead in the short SOA conditions. According to Cleland et al. 
(2006), the SOA is manipulated in relation to the end of S2 to increase the likelihood 
that the processing of S1 and S2 would compete for the central processing resources 
in the short SOA conditions. In turn, this would ensure that the central process of T2 
Figure 5. An illustration of how the central process of T1 affects the word frequency-sensitive 
process of T2 at short SOAs. The bars show the processing time of each process for high and 
low frequency words respectively. The dotted area is the cognitive slack. The central process 
of T2 can only start after the central process of T1 completes. The upper panel of T2 shows 
how the cognitive slack absorbs the word frequency effects if the effects are located at the 
automatic pre-central process. The lower panel shows that the word frequency effects are not 
absorbed by the cognitive slack if the effects are located at the attention-demanding central 
process.  
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would be halted by the bottleneck created by the central process of T1, thus a 
cognitive slack would be created. On the other hand, S1 in experiments with spoken 
word as S2 also differs from the typical PRP experiments. In the typical PRP, S1 
consists of one presentation only. In contrast, in the experiments with spoken word as 
S2, S1 consists of a sequence of stimuli. This modification is to ensure that the 
sequence of stimuli for S1 will start before the onset of S2, when the onset of the last 
stimulus of this sequence is aligned in relation to the end of the S2 for the SOA 
manipulation in the short SOA conditions.   
The present experiment 
 To investigate the attentional demand of the word frequency effects in the 
spelling-to-dictation task and the locus of the effects in terms of pre-central vs. central 
processing, a PRP paradigm was conducted with a colour discrimination task as T1 
and a spelling-to-dictation task as T2. S2 is a spoken word. Therefore, the 
manipulation for the short SOA conditions and S1 construction must follow PRP 
experiments in which S2 is a spoken word (e.g., Cleland et al., 2006; Tamminen et al., 
2006). A sequence of stimuli lasting for 1350ms was used for S1. S1 consisted of two 
squares with one blank screen in between, each lasting 450ms. Participants were 
asked to decide whether the two squares were in the same or different colours. 
Participants can only make the colour discrimination at the onset of the second square. 
The SOA was manipulated between the onset of the second square in the sequence of 
S1 and the offset of the spoken word (S2)
 
in the short SOA conditions
6
. The offset of 
S2 was 100ms and 200ms after the onset of the second square for the two short SOA 
                                                          
6
 The SOA manipulation of the short SOA conditions in Cleland et al. (2006) was relative to the onset 
of the final phoneme of the spoken word (S2). However, it was not possible to individually calibrate 
from the onset of the final phoneme as in Cleland et al., so the SOA manipulation in the present 
experiment was relative to the offset of the spoken word (S2). 
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conditions. In the long SOA condition, the onset of S2 was 1150ms after the onset of 
the second square. This long delay is to ensure that all the processes of S1 have been 
completed and will not affect processing of S2, making the processing of S2 similar to 
a single-task condition.   
If the word frequency-sensitive process in the spelling-to-dictation task is 
automatic and pre-central, the frequency effects will be absorbed by the cognitive 
slack and should not be found in the short SOAs. This would result in an under-
additive effect between SOA and word frequency, with a significant effect of word 
frequency found only in the long SOA condition (see Figure 6a). However, if the 
process is attention-demanding and is a central process, the frequency effects are not 
absorbed by the cognitive slack, thus frequency effects of equal size should be found 
in both short SOAs and long SOA. The result would then be an additive effect 
between SOA and word frequency (see Figure 6b). Otherwise, if some component of 
the process is automatic and pre-central and some other component of the process is 
attention-demanding and is a central process, frequency effects should be significant 
at both short and long SOAs, but smaller effects in the short SOA condition, resulting 
in a partial under-additive interaction between SOA and word frequency. This is 
because the component that is automatic would be absorbed by the cognitive slack 
and not captured by the onset latency in the short SOA conditions, whereas this 
component would still be captured by the onset latency in the long SOA condition. 
The component that is attention-demanding would be captured by both short SOA 
conditions and the long SOA condition because it is not absorbed by any cognitive 
slack (see Figure 6c).  
 
 






Figure 6. Predictions of Experiment 3. Each panel shows the possible effects of word 
frequency of skilled spelling-to-dictation in the PRP and its corresponding attention demand.  




Forty Singaporeans took part in the experiment in return for course credit. 
However, data of four participants were not included because two of them had 
responded to the spelling task (T2) before the colour discrimination task (T1) for 
more than 15 trials, one of them had used backspaces in 33% of the trials, which was 
2.38 SD above the mean backspace usage; data of another participant was not 
recorded properly due to a faulty response box. The exclusion resulted in a final 
sample of thirty-six (6 men and 30 women, mean age = 19.32 years, SD = 1.16). None 
of these participants had taken part in Experiment 1 or 2, and they reported no history 
of speech, language or hearing disorders. Their self-reported proficiency for English 
was 5.28 (SD=.88), and their mean vocabulary age was 17.16 (SD = 1.07). Thirty-four 
of them used right hand as their writing hand.  
Apparatus 
 The apparatus was the same as that for Experiments 1 and 2 except that a 
Serial Response Box (Psychological Software Tools) was used in addition to the 
keyboard. 
 Materials 
 A total of 264 words (132 high frequency and 132 low frequency) words were 
selected from Experiment 1 stimuli such that the mean accuracy of each word was at 
least .92. The psycholinguistic variables of the high and low frequency words were 
matched group-wise, all ps>.1, except for accuracy rate in Experiment 1. The 
distribution of the beginning letter was also the same across the two groups of words. 
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The psycholinguistic characteristics of these two groups of words are shown in Table 
7. 
Table 7 
Psycholinguistic Characteristics of the High Frequency and Low Frequency Words in 
Experiment 3 
    High Frequency Low Frequency t (262) p 
  M SD M SD     
Log SUBTL-CD frequency 3.12 0.31 1.44 0.18 53.795 <.001 
Number of letters 6.37 0.92 6.45 0.87 -.757 .450 
Number of phonemes 5.48 1.02 5.55 0.87 -587 .558 
Number of morphemes 1.33 0.47 1.42 0.49 -1.530 .127 
Consistency of onset 1st syllable 0.87 0.15 0.88 0.13 -.418 .677 
Consistency of onset 2nd syllable 0.71 0.35 0.75 0.32 -1.019 .309 
Consistency of rime 1st syllable 0.47 0.32 0.52 0.30 -1.256 .210 
Consistency of rime 2nd syllable 0.55 0.32 0.59 0.29 -1.082 .280 
Orthographic neighbours 1.14 1.89 1.08 1.53 .251 .802 
Phonological neighbours 1.77 2.70 1.47 2.32 .955 .340 
Levenshtein orthographic distance 2.21 0.36 2.27 0.38 -1.320 .188 
Levenshtein phonological distance 2.20 0.41 2.27 0.38 -1.371 .172 
Mean bigram frequency 3918.50 1378.73 3847.22 1551.16 .395 .693 
Phonological uniqueness Point 5.17 1.47 5.10 1.25 .407 .685 
Duration of the spoken target 706.73 96.27 721.98 86.75 -1.352 .178 
Imageability 4.17 1.26 3.99 1.26 1.149 .252 
Mean accuracy in Experiment 1 0.99 0.01 0.98 0.02 6.380 <.001 
 
Counterbalancing. The 132 pairs of high frequency words and low frequency 
words were divided into three lists of 44 pairs each, with the distribution of the 
beginning letter being the same across the lists. The high frequency words and low 
frequency words were matched for the psycholinguistic variables within each shorter 
list, ps>.10. The three lists were then counterbalanced across the three SOA 
conditions (2 short and 1 long), resulting in 6 combinations. Six participants were 
assigned to each combination at random. The counterbalanced lists of stimuli are 
shown in Appendix G. 
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Pairing with the colour discrimination task. Blue and green were used in the 
task so there were four combinations for the sequence of the two shapes: blue blue, 
blue green, green green and green blue. For each participant, in each SOA condition, 
44 pairs of high and low frequency words were randomly assigned to these four 
combinations of the colour discrimination, resulting in 11 pairs in each combination.    
Procedure 
Participants were tested individually. They were told that a word would be 
played over the headphones at varying points of time during the presence of a 
sequence of two squares. They were asked to respond to the squares first before 
typing out the spelling of the word. They used the middle finger of their left hand to 
press a button on the response box when the squares were in the same colour and the 
index finger of the same hand to press a button next to the “same” button when the 
squares were in the different colour, and then the index finger of their right-hand to 
type the spelling of the word on the keyboard. They were advised to press the button 
as soon as possible once they saw the second square in the sequence and to start 
typing once they heard the word. Before each trial, they were asked to get ready by 
placing the fingers of their left hand over the response button and the index finger of 




Each trial began with a fixation ‘+’ lasting for 1 second. This was followed by 
the first square which appeared for 450ms. A blank screen was then shown for 450ms 
before another square was shown for 450ms. After the second colour square, a blank 
screen was shown until the participants finished discriminating the colour, and had 
                                                          
7
 The hand-assignment was modeled after previous studies (e.g., Cleland et al, 2006) that kept constant 
the hand assignment on the task, regardless of the dominant hand. Additionally, given that the 
experiment was a within-subject design and only two participants were left-handed, the constant hand-
assignment across right- and left-handers should not matter.  
  54 
 
typed the word and pressed the “enter” key. The onset of the spelling target depended 
on the SOA condition. In the two short SOA conditions, the word was played such 
that the offset of the word was 100ms or 200ms after the onset of the second square. 
In the long SOA condition, the onset of the word is 1150ms after the onset of the 
second square. The schematic representation of a single trial in short SOA or long 





Experiment 3 was a 3 (SOA: 100ms, 200ms, vs Long) x 2 (Word Frequency: 
high vs. low) within-subject design. There were 44 trials in each condition. 
Results 
Both accuracy rates and reaction times were subjected to both participant-wise 
(F1) and item-wise (F2) two-way ANOVA. In the participant-wise analysis, Word 
Frequency and SOA were within-factors. In the item-wise analysis, SOA was a 
within-factor and Word Frequency was a between-factor. An alpha level of .05 was 
used for all statistical tests.  
Figure 7. A schematic representation of a single trial in short SOA or long SOA condition in 
Experiment 3.  
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The reaction time of colour discrimination was measured from the onset of the 
second square until the response. The onset latency of the spelling-to-dictation task 
was measured from the onset of the spelling target until the first keystroke. This onset 
latency measurement was different from Experiments 1 and 2 because there was no 
task cue in this experiment and each target word started at a different point in time in 
relation to the second square of S1. This measurement interval is consistent with other 
studies which have made use of PRP and used spoken words as the S2 (e.g., Cleland 
et al., 2006; Tamminen et al, 2006).  
Task 1 Colour Discrimination 
Accuracy rates. Participants made errors in 1.6 % of the trials. No main effects 
of Word Frequency or SOA were found in either the subject- or the item-wise 
analyses, ps>.200. The interaction between Word Frequency and SOA was not 
significant in the subject-wise analysis, F1 (2, 70) =2.156, MSE<.001, p=.123, but was 
significant in the item-wise analysis, F2(2, 524)=3.124, MSE=.001, p=045. Follow-up 
analysis showed that the interaction was due to the fact that the colour discrimination 
was more accurate in the trials with low frequency words than the trials with high 
frequency words in the 100ms- SOA condition, t2(166)= 3.150, p=.002, but not in the 
other SOA conditions, ps>.200. 
Reaction times.  The ANOVAs revealed a significant main effect of SOA by 
participants and by items, F1 (2, 70) =5.625, MSE=1753.803, p=.005; F2(2, 
524)=6.864, MSE=5537.660, p=001. Post-hoc comparison showed that participants 
responded faster in the long SOA than the 200ms SOA, p1=.021, p2=.002, following a 
Bonferroni adjustment. The main effects of Word Frequency and interaction between 
Word Frequency and SOA were not significant, ps>.200. 
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The SOA effects on the reaction time for colour discrimination suggest that S1 
in the short SOAs takes longer to respond to than in the long SOA. According to the 
capacity sharing theory of PRP (Tombu & Jolicoeur, 2003), this difference could be 
attributable to the interference of the spelling target on the colour discrimination when 
the two targets were presented in close proximity temporally. However, T1 was used 
to introduce the central processing bottleneck and was not relevant to the main 
research question so this result will not be discussed further. The mean accuracy rates 
and reaction times in each condition in T1 can be found in Appendix H.   
Task 2 Spelling-to-Dictation. 
Accuracy rates. The mean accuracy rates by participants and by items are 
shown in Table 7. The ANOVAs revealed a significant main effect of Word 
Frequency, F1 (1, 39) =11.007, MSE=.002, p=.002; F2(1,262)=17.874, MSE=.003, 
p<.001, indicating that the high frequency words were spelled more accurately than 
the low frequency words. However, the main effect of SOA was not significant, F1(2, 
78)=1.853, MSE<.001, p=.164; F2(2,524 )=1.376, MSE=.002, p=.253, and neither 
was the interaction between Word Frequency and SOA, F1(2, 78)=.119, MSE<.001, 
p=.888; F2(2,524)=.161 , MSE=.002, p=.852. The result is similar to those reported 
for Experiments 1 and 2, and indicates that the SOA does not affect spelling accuracy 
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Table 8 
Accuracy Rates and Onset Latencies in the spelling-to-dictation task by participants and by items as 
a function of Word Frequency and SOA 
  By Participants   By Items 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
Accuracy Rates 
        100ms 0.983 0.020 0.966 0.034 
 
0.983 0.045 0.966 0.062 
200ms 0.984 0.024 0.968 0.049 
 
0.984 0.036 0.969 0.053 
Long 0.990 0.016 0.971 0.038 
 
0.990 0.028 0.971 0.050 
          
Onset Latencies 
        100ms 1847.798 170.737 1881.517 162.514 
 
1848.128 117.215 1883.926 106.973 
200ms 1764.750 159.066 1794.688 154.625 
 
1766.319 121.329 1794.914 106.707 
Long 905.735 87.310 948.338 122.346   906.096 73.683 950.981 86.058 
  
Onset latencies. Trials with inaccurate T1 response (1.6%), inaccurately-
spelled trials (2.2%) and accurately-spelled trials in which participants corrected the 
first keystroke (1.1%) or typed the first letter before responding to the colour 
discrimination (0.1%) or used more than 3 seconds or fewer than 100ms to type the 
first letter (1.1%) were first excluded. After these exclusions, onset latencies which 
were 2.5SD below or above the means were excluded (1.7%). Together, 7.8% of the 
total trials were thus excluded from the analysis reported here. As before, an 
additional analysis with the more stringent exclusion criterion which excluded trials 
with backspace correction was also conducted. The result of this analysis showed the 
same pattern as the analysis of the less stringent criteria, so it is not reported here, but 
in Appendix I. 
The mean onset latencies by participants and by items are shown in Table 8. 
The ANOVAs revealed significant main effects of Word Frequency, F1(2, 
35)=29.660, MSE=2284.135, p<.001; F2(1, 262)=15.469, MSE=16983.274, p<.001, 
indicating that high frequency words were spelled more quickly than the low 
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frequency words. The main effect of SOA was also significant by participants and by 
items, F1(2, 70)=1717.568, MSE=11272.326, p<.001; F2(2, 524)=9408.641 , 
MSE=7539.618, p<.001. Post-hoc comparison showed that all pairwise comparisons 
were significant, ps<.001, after a Bonferroni adjustment. Participants initiated the first 
keystroke the slowest in the 100ms-SOA (M1=1864.485, SD1= 164.010; 
M2=1866.027, SD2=113.424), were faster in the 200ms-SOA (M1=1779.615, 
SD1=154.682; M2=1780.616, SD2=114.931), and faster still in the long-SOA 
(M1=926.398, SD1=103.232; M2=928.538, SD2=83.059). However, the interaction 
between Word Frequency and SOA was not significant, F1(2, 70)=.786, 
MSE=968.570, p=.460; F2(2, 524)=.583, MSE=7539.618, p=.558. Between the two 
short SOAs, a slope of -.85 was found with onset latencies plotted against the SOA 
(Figure 8). This slope is close to -1, and suggests that T1 has indeed imposed a 
bottleneck on the central process of T2.  
 
Discussion 
After establishing that spoken word recognition is the only locus of word 























Figure 8. Onset latencies plotted against the two short SOAs (100ms and 200ms) with a 
slope of -.85. 
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paradigm was used in Experiment 3 to examine the mechanism of this frequency-
sensitive process in terms of attentional demand, i.e., attention-demanding and/or 
automatic, and to examine if it is located at a pre-central or central processing from 
the perspective of attention in a psycholinguistic model. A colour discrimination (T1) 
was used to introduce processing bottleneck that halts any central process of the 
spelling-to-dictation task (T2) and creates a cognitive slack that allows only the 
automatic pre-central process but not the attention-demanding central process. 
The onset latency results showed no interaction between word frequency and 
SOA but an additive effect such that the main effects of both word frequency and 
SOA were significant, suggesting that the word frequency effects were not absorbed 
by the cognitive slack in the short SOA conditions. This indicates that the word 
frequency-sensitive process in the spelling-to-dictation task, i.e., spoken word 
recognition, is a central process that is attention-demanding and is not an automatic 
pre-central process. This result is not consistent with Cleland and colleagues’ (2006) 
findings on the attentional demands of word frequency effects on spoken word 
recognition in auditory lexical decision task. They found that some component of the 
frequency-sensitive process is automatic and another component is attention-
demanding, such that the word frequency effects in auditory lexical decision are 
located at both the pre-central and central processing. Therefore, the results of 
Experiment 3 and Cleland et al. (2006) suggested that the attentional demand of word 
frequency effects on spoken word recognition involved in the spelling-to-dictation 
task differs from that of the auditory lexical decision task, and this frequency effect is 
solely located at the attention-demanding central processing 
 The most plausible explanation for this different outcome is the task-specific 
demand on the spoken word recognition. In the spelling-to-dictation task, the spoken 
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word presented has to be fully identified as a unique word to achieve a correct 
retrieval of spelling. This recognition process may exhaust central attention. In 
contrast, in the lexical decision task, the spoken word does not have to be identified as 
a specific word and it can be decided as real or non-word on the basis of familiarity. 
The recognition process in the lexical decision seems to be less attention-demanding 
than that in the spelling-to-dictation because a hazy idea on the target word is 
sufficient for the lexical decision. This explanation is consistent with Cleland and 
colleagues’ (2006) argument that the recognition process in the auditory lexical 
decision is automatic but the decision of whether it is a real word or non word 
requires some central attention.  
 In sum, word frequency effects in the spelling-to-dictation task are located at 
the spoken word recognition and the underlying mechanism is attention-demanding 
and non-automatic. The effects are located at the central processing from the 
perspective of attention. Unlike auditory lexical decision, accurate spelling-to-
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Chapter 5: General Discussion 
 The main aim of this series of three experiments was to identify the locus of 
the word frequency effects in skilled spelling-to-dictation. Based on Tainturier and 
Rapp’s (2001) dual route model, and using the onset latency as the main dependent 
variable, three potential loci were examined: spoken word recognition, orthographic 
retrieval and response execution. The data reported here showed that the word 
frequency effects in the spelling-to-dictation task are solely due to the spoken word 
recognition, and that the underlying mechanism is attention-demanding and non-
automatic. There was no evidence of word frequency effects at the response execution 
of the first letter or the orthographic retrieval. In addition, from the perspective of 
attention, the word frequency effects involve attention-demanding central processing, 
not the automatic pre-central processing. 
Summary of each experiment 
Experiment 1 
 In general, the results of Experiment 1 replicated previous findings (e.g., 
Bonin, et al., 1998; Bonin & Meot, 2002; Bonin, Peereman & Fayol, 2001; Delattre et 
al., 2006; Kreiner, 1996) and showed that word frequency influences onset latencies 
in the spelling-to-dictation task. The delayed spelling task conducted also revealed 
that these word frequency effects are not located at the response execution, at least for 
the typing of the first letter. These findings are consistent with Bonin and colleagues’ 
findings (1998; 2001) that the word frequency does not influence response execution. 
Experiment 2 
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   The results of a delayed/uncertain task was compared with an 
immediate/uncertain task in Experiment 2 to examine the potential effect of word 
frequency on the orthographic retrieval exclusively, and how the word frequency 
effects are distributed between spoken word recognition and orthographic retrieval. 
Task uncertainty, with a bias towards imageability ratings, was introduced to prevent 
participants from initiating orthographic retrieval during the delay, thus isolating the 
orthographic retrieval from the spoken word recognition which would have been 
completed during the delay. However, no effect of word frequency was found for the 
delayed/uncertain task condition that indexed orthographic retrieval, whereas an effect 
was found in the immediate/uncertain comparison task that indexed both spoken word 
recognition and orthographic retrieval. Hence, the results of Experiments 1 and 2 
suggested that word frequency effects in skilled spelling-to-dictation are solely due to 
the process of spoken word recognition. 
Experiment 3   
   A PRP paradigm was used in Experiment 3 to examine the mechanism 
underlying the word frequency-sensitive process involved in the spelling-to-dictation, 
i.e., spoken word recognition, and the locus of the word frequency effects in terms of 
attentional demand. The results showed an additive effect between word frequency 
and SOAs, suggesting that the word frequency effects on spoken word recognition in 
spelling-to-dictation is attention-demanding and central rather than automatic and pre-
central. This finding indicates that the frequency effects on the spoken word 
recognition involved in the spelling-to-dictation task differ from those involved in the 
auditory lexical decision task, in which some component is automatic and some is 
attention-demanding (Clelland et al., 2006).  
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Locus of word frequency effects in skilled spelling-to-dictation: Spoken word 
recognition 
 The present study suggested that the locus of word frequency effects observed 
in the skilled spelling-to-dictation is located at spoken word recognition. Based on the 
dual route model (Houghton & Zorzi, 2003; Tainturier & Rapp, 2002; see Figure 1), 
word frequency has an impact at the phonological input lexicon. According to 
Marslen-Wilson (1990) on spoken word recognition, high frequency words are 
recognized faster than low frequency words because their resting activation in the 
phonological input lexicon is higher. This means that high frequency words will be 
activated faster by incoming auditory input than low frequency words, and hence the 
onset latency for the first keystroke in the spelling-to-dictation will be shorter.  
Although spoken word recognition is the only locus of word frequency effects 
in spelling-to-dictation, the mechanism engaged are not identical to those for the 
auditory lexical decision task in terms of attentional demand. Experiment 3 revealed 
that the frequency-sensitive spoken word recognition in the spelling-to-dictation is 
attention-demanding and is not automatic whereas some component of spoken word 
recognition in the auditory lexical decision task reported by Cleland and colleagues 
(2006) is automatic. Specifically, the spoken word recognition in the spelling-to-
dictation demands central attention to identify the exact word heard before 
orthographic retrieval can be completed successfully. This suggests that the lexical 
access of the spoken word recognition in spelling-to-dictation is more attention-
demanding than that in the auditory lexical decision, and that the word frequency 
effects on spoken word recognition differ across spelling and lexical decision.  
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 Spoken word recognition is the first lexical access process that is engaged in 
the spelling-to-dictation task. This might explain why the word frequency effects are 
found only in this process and not in the orthographic retrieval or in the response 
execution. It seems that the spoken word recognition may act as the limiting factor in 
the spelling-to-dictation task because it is necessary to recognize the exact spoken 
word before the orthographic retrieval and response execution can initiate. Given this 
privileged status for spoken word recognition, all word frequency effects are thus 
located at this process, even though orthographic retrieval presumably also involves 
lexical access (Bonin et al., 1998; Bonin & Fayol, 2002).  
Inconsistency with previous research 
 Previous research involving the skilled spelling-to-dictation, written picture 
naming and computational modeling of spelling-to-dictation has suggested that the 
word frequency effects should be at the orthographic retrieval. However, the results of 
the experiments reported here suggested that the word frequency effects are solely due 
to the spoken word recognition in the spelling-to-dictation task. The inconsistency 
between the previous results and the current findings will now be discussed on the 
basis of assumption validity, task differences, and model limitations.  
Assumptions in the past research 
In contrast to Bonin and colleagues (1998; 2002), Delattre et al. (2006) and 
Kreiner (1996) who argued that the word frequency effects in the spelling-to-dictation 
task are located at the orthographic retrieval, the data from Experiments 1 and 2 
suggested that they are located at the spoken word recognition instead. The main 
reason for this difference is that earlier works are based on the assumption that the 
onset latency measured in a spelling-to-dictation task captures only the orthographic 
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retrieval and response execution, without taking into account the spoken word 
recognition. Given that the onset latency is a composite measure of all the processes 
involved in the task (Sternberg, 2001) and spoken word recognition implicates word 
frequency effects (e.g., Dahan et al., 2001; Goh et al., 2009), this assumption appears 
invalid. Instead of concluding that the word frequency effects are located at the 
orthographic retrieval when response execution was not implicated, researchers need 
to consider also the process of spoken word recognition.  
Differences between written picture naming and spelling-to-dictation task 
At first glance, it seems intriguing that the locus of word frequency effects in 
the written picture naming task is at the orthographic retrieval (Bonin et al., 1998; 
Bonin & Fayol, 2002) whereas in the spelling-to-dictation it is at the spoken word 
recognition, when both are written word production tasks. This difference could be 
due to the task-specific process. In written picture naming, picture recognition instead 
of the spoken word recognition is engaged at the first stage. It has been well-
established that picture recognition is not influenced by word frequency (Bonin et al., 
1998; Stadthagen-Gonzalez, Damian, Perez, Bowers, & Marin, 2009), in contrast to 
spoken word recognition which is influenced by word frequency (Dahan & 
Magnuson, 2006).  
More critically, according to the written picture naming model (Bonin, 
Peereman, & Fayol, 2001; Caramazza, 1997), the orthographic retrieval involved in 
written picture naming is activated by the semantic system, which itself might be 
influenced by word frequency. In contrast, in spelling-to-dictation, the involvement of 
semantic system is optional (see Figure 1; Bonin, Peereman, & Fayol, 2001; 
Houghton & Zorzi, 2003; Tainturier & Rapp, 2001). The orthographic retrieval can be 
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activated by the phonological representation after spoken word recognition has been 
completed without the activation of the semantic system. If the spelling target is 
presented in different modalities (picture vs. spoken word), the orthographic retrieval 
in the two tasks is not necessarily comparable, so it is not surprising that the locus of 
word frequency effects in the two written word production tasks is different. 
Computational models did not model the entire spelling-to-dictation task  
 The computational models (e.g., Brown & Loosemore, 1994; Houghton & 
Zorzi, 2003) have simulated the word frequency effects in the orthographic retrieval 
and have successfully mimicked the spelling performance in skilled adults. However, 
these models only simulated the orthographic retrieval in terms of the connection 
between phonological representation and orthographic representation without 
including the other processes involved in the spelling-to-dictation task such as spoken 
word recognition. If the modeling is not identical to the spelling-to-dictation task 
conducted among skilled adults, it is not surprising that the simulation results differ 
from the present experiments regarding the locus of word frequency effects in skilled 
spelling-to-dictation. 
Strength and limitation of the present study 
Compared to previous research, which only assumed the involvement of 
orthographic retrieval and response execution (e.g., Bonin et al, 1998, 2001; 2002), 
the present study has provided a more complete picture of word frequency effects in 
the skilled spelling-to-dictation by examining its effect in the spoken word 
recognition in addition to the orthographic retrieval and response execution. The 
examination of spoken word recognition is crucial because it is the first stage 
involved in the spelling-to-dictation task, and the onset latency measured in the task is 
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a composite measure of all the processes involved (Sternberg, 2001). Leaving out any 
of the processes could have led to an invalid conclusion.  
Although this series of three experiments included the spoken word 
recognition, orthographic retrieval and response execution as possible loci for the 
word frequency effects in skilled spelling-to-dictation, the differentiation of these 
three loci was only at a broad level. A more fine-grained analysis would require a 
distinction of semantic processing and the graphemic buffer in the locus of 
orthographic retrieval, and response execution be further divided into grapheme-letter 
conversion and letter-execution programming. The behavioral data collected in the 
present study did not allow such a fine-grained analysis but future work could 
consider how this might be achieved.  
Caveat: Spoken word recognition and orthographic retrieval may not be 
separable? 
 One caveat critical to the present study warrants some discussion. The 
research question and the delayed/uncertain task used in Experiment 2 were based on 
the assumption that the spoken word recognition and the orthographic retrieval are 
separable. Although case studies of brain-injured patients, who had perfect auditory 
comprehension but impaired spelling ability (e.g., Rapp, 2005) has suggested that 
spoken word recognition and orthographic retrieval are dissociable, it is possible that 
orthographic retrieval might be strongly integrated with spoken word recognition 
among the highly literate university students who were the participants in the present 
study (Dich, 2011). The strong link between the phonological representation and the 
orthographic representation may cause the spoken word recognition and the 
orthographic retrieval non-separable despite the strategic blocking of the orthographic 
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retrieval during the delay in the delayed/uncertain task in Experiment 2. This would 
mean that both the spoken word recognition and orthographic retrieval would have 
been completed during the delay in this task. Thus, the onset latency might actually 
capture response execution only instead of capturing both orthographic retrieval and 
response execution as assumed.    
The evidence for the activation of orthographic information during spoken 
word recognition has come from the findings in spoken word recognition. Researchers 
have found that sound-to-spelling consistency
8
 affects spoken word recognition such 
that spoken words with higher consistency are recognized faster than those with low 
consistency (e.g., Dich, 2011; Ziegler, Petrova, Ferrand, 2008). Because sound-to-
spelling consistency is a measure of how often a particular unit of phonology is 
matched to an orthographic form, its effect in the spoken word recognition is 
generally assumed to be reflecting the role of orthographic representation in spoken 
word recognition.  
More crucially, Dich (2011) found that university students who have a higher 
spelling accuracy rate showed a larger consistency effect in auditory lexical decision 
whereas Ziegler and Muneaux (2007) found that children who had achieved higher 
reading levels showed a facilitatory effect of dense orthographic neighbourhood in 
auditory lexical decision. These two studies suggest that the extent to which 
orthographic representation is integrated with phonological representation depends on 
the participants’ literacy level. Given that the participants in the present study were 
literate university students, it is likely that their spoken word recognition is strongly 
influenced by orthography.  
                                                          
8
 See Appendix A for a detailed description of sound-to-spelling consistency 
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 Nonetheless, these findings from auditory lexical decision tasks (e.g., Dich, 
2011; Ziegler, Petrova, Ferrand, 2008) only suggest that orthographic information is 
activated during spoken word recognition, but whether this orthographic information 
is the same as the orthographic representation, i.e., the exact spelling, required for the 
spelling-to-dictation remained unclear. Therefore, the caveat that the orthographic 
retrieval is inseparable from the spoken word recognition is not well-established and 
requires further investigation. Nonetheless, the debate about the separability between 
orthographic retrieval and spoken word recognition should not undermine the need to 
acknowledge the involvement of spoken word recognition in skilled spelling-to-
dictation. If it is really the case that the orthographic retrieval is inseparable from 
spoken word recognition, the present findings still point to the fact that word 
frequency effects can be located at spoken word recognition as well as orthographic 
retrieval, in contrast to Bonin and colleagues’ (1998, 2001; 2002) argument that the 
word frequency effects are only located at the orthographic retrieval. 
Future work 
 To get around the separability issue between spoken word recognition and 
orthographic retrieval, and at the same time to further examine the word frequency 
effects on the two loci in the spelling-to-dictation, future research may consider 
recruiting less proficient participants for the delayed/uncertain task or designing 
experiments based on Sternberg’s (2001) process-decomposition approach. 
Delayed/uncertain task with less proficient participants 
According to Dich (2011) and Ziegler and Muneaux (2007), orthographic 
effects in spoken word recognition depend on the literacy level, so it can be assumed 
that the orthographic retrieval and the spoken word recognition are separable among 
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participants with lower proficiency, thereby the delayed/uncertain task will 
successfully isolate the orthographic retrieval from the spoken word recognition. In 
doing so, the word frequency effects on the orthographic retrieval can thus be studied 
exclusively. However, recruiting participants with lower proficiency might incur other 
problems such as high error rates or difficulty with cognitive demands.  
Spelling-to-dictation using the process-decomposition approach (Sternberg, 2001).  
Other than the delayed/uncertain task conducted in Experiment 2, future 
studies on spelling-to-dictation could make use of the process-decomposition 
approach or additive factors logic developed by Sternberg (1969; 2001) to examine 
the locus of word frequency effects between spoken word recognition and 
orthographic retrieval. According to Sternberg’ logic (1969; 2001), if word frequency 
interacts with a factor that is well-established to be affecting spoken word recognition 
only, then the word frequency effects should be located at the spoken word 
recognition. The same scenario applies to the orthographic retrieval. Unfortunately, it 
is not known if there is any well-established factor that only affects either the spoken 
word recognition or orthographic retrieval.    
Conclusion 
 Word frequency effects have been consistently observed in research on skilled 
spelling-to-dictation when the dependent variable of interest is onset latencies. 
Despite the caveats and limitations discussed above, the present study found that the 
spoken word recognition is the only locus of these frequency effects in skilled 
spelling-to-dictation, and its underlying mechanism is attention-demanding. This is in 
contrast to the past research that has attributed these effects to lexical access in the 
orthographic retrieval without considering the involvement of the spoken word 
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recognition. Additionally, the study also showed that the locus of the word frequency 
effects involves attention and central processing. This work has acknowledged the 
role of spoken word recognition in the spelling-to-dictation task and provided further 
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Appendix A 
Description of psycholinguistic variables controlled for in the three experiments 
 Sound-to-spelling consistency 
The calculation of the sound-to-spelling consistency of each bi-syllabic word 
was based on the 10,574 English words, which are free bases without bound 
morphemes, in the English Lexicon Project database (ELP, Balota, Yap, Cortese, 
Hutchison, Kessler, Loftis, Neely, Nelson, Simpson, & Treiman, 2007). The 
pronunciation of the words was based on Cambridge English Pronunciation 
Dictionary (Roach, Hartman & Setter, 2003). The mapping of the pronunciation to 
spelling was organized in terms of onset and rime. The onset is consisted of the group 
of consonants before the vowel of a syllable, whereas the rime is consisted of the 
vowel and the subsequent consonants. For example, the onset and rime of half /ha:f/ is 
h /h/ and alf /a:f/ respectively. Onsets or rimes that have the same pronunciation and 
spelling are considered friends. For example, half and calf are friends in terms of 
rime. Onsets or rimes that have the same pronunciation but different spelling are 
considered enemies. For example, staff and graph are enemies in terms of rime. The 
sound-to-spelling consistency measure is the ratio of the number of friends to the sum 
of friends and enemies (Ziegler, Stone & Jacobs, 1997). Onsets or rimes having a high 
sound-to-spelling consistency are those having more friends than enemies. Research 
shows that the higher the sound-to-spelling consistency, the faster and the more 
accurate adults and children spell a word (e.g., Bonin, Peereman & Fayol, 2001; 
Bonin & Meot, 2002; Delattre et al., 2006; Treiman & Kessler & Bick, 2002; Treiman 
& Kessler, 2006; Nation, 1997). Therefore, it was important to control for consistency 
when examining the effects of word frequency in the present study. Additionally, the 
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onset of the first syllable must be matched because the onset latency was measured 
until the first keystroke and Bonin, Peereman, & Fayol (2001) reported that the effect 
of initial sound-to-spelling consistency was significant in a delayed spelling-to-
dictation task, suggesting that consistency also affected the response execution. Other 
units in the first syllable and the second syllable were also matched because it has 
been found that the advanced planning of the later-produced unit can affect the 
initiation of the first keystroke (Delattre et al., 2006; Damian & Stadthagen-Gonzalez, 
2009). 
Bigram frequency  
A bigram is defined as a sequence of two consecutive letters. The bigram 
frequency refers to the number of times of a bigram occurs in the ELP. The mean 
bigram frequency of a word is the average bigram frequency of all the bigrams in the 
word, for example, do and og in dog. The bigram frequency was matched to ensure 
that there was no effect of letter sequence frequency that might confound the word 
frequency effect. 
Orthographic neighbours and Levenshtein orthographic distance 
Orthographic neighbour refers to the number of words of the same length as 
the target word that differ by one letter (Coltheart et al., 1977). An effect of 
orthographic neighbours has been found in skilled spelling such that words with more 
neighbours are spelled more quickly (Roux & Bonin, 2009). The Levenshtein 
orthographic distance refers to the numbers of insertions, deletions and substitutions 
of letters needed to convert the target word to 20 words that are closest to it (Yarkoni, 
et al., 2008). The Levenshtein measure overcomes the floor effect found in multi-
syllabic words that generally have no orthographic neighbour, and is a more powerful 
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predictor than the number of orthographic neighbors in visual word recognition 
(Yarkoni et al., 2008; Yap & Balota, 2009). For this reason, the Levenshtein distance 
was also controlled for in the present study because all the targets are bi-syllabic.  
Phonological neighbours and Levenshtein phonological distance 
Both phonological neighbors and Levenshtein phonological distance measures 
are similar to their orthographic counterparts but they are concerned with phonemes 
rather than graphemes (Vitevitch & Luce, 1998). Although the effects of these 
phonological measures on skilled spelling remained unexplored, their effects on the 
spoken word recognition (e.g., Luce & Pisoni, 1988; Suarez, Tan, Yap & Goh, 2011) 
involved in the spelling-to-dictation task may interfere with the onset latency. For this 
reason, both variables were controlled for. 
Phonological uniqueness point and duration of the spoken targets 
The uniqueness point of a target word is the last phoneme that the word shares 
with other words (Dahan & Magnuson, 2006). According to Marslen-Wilson and 
Welsh (1990), the earlier the phonological uniqueness point, the faster the word will 
be recognized and distinguished from other words that share the beginning 
phonemes. The duration of the spoken target words is calculated from the start of 
the first phoneme until the end of the last phoneme. Both the phonological 
uniqueness point and the duration of the spoken targets could influence the ease at 
which a spoken target is recognized and hence affect spelling latency (e.g., Bonin & 
Meot, 2002), so they were matched across the high-frequency words and low-
frequency words in the present study.   
Imageability 
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The imageability of the 266 of the target words was based on the norms 
collected by Schock and colleagues (in press). The other 78 were rated by a group of 
32 English speakers (23 women, 9 men, mean ages = 23.28) not involved in any of 
the spelling experiments. They rated the words on a scale from 1 (low imagery) to 7 
(high imagery). The instruction was based on the rating study conducted by Cortese 
and Fugett (2004).  It is  argued that imageability  indexes semantic involvement in 
the spelling-to-dictation, and it seems to  influence onset latency in skilled spelling-to-
dictation (Bonin & Meot, 2002). 
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Appendix B 
Counterbalanced lists of stimuli used in Experiment 1 
High Frequency Words 
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Appendix C 
Analysis of onset latencies in Experiment 1 by using more stringent exclusion criteria 
An additional exclusion was used in the analysis reported here. Accurately-
spelled trials in which participants corrected the spelling by using backspaces were 
also excluded (8.1%). Besides this stringent criterion, the exclusion criteria used in 
the analysis reported in the main texts were also imposed. Inaccurately spelled trials 
(2.7%), accurately-spelled trials in which participants released the spacebar before the 
tone occurred (0.6%), or used more than 3 seconds or fewer than 100ms to type the 
first letter were excluded (0.2%).  After the exclusion, onset latencies which were 
2.5SD below or above the means for each design cell were also excluded (2.5%). 
Together these data-cleaning processes resulted in 14.1 % of the total number of trials 
being excluded from the analysis reported here.  
The mean onset latencies by participants and by items are shown in Table C1. 
The ANOVAs revealed main effects of Word Frequency F1(1, 47)=36.036, 
MSE=889.023; F2(1,342)=  22.063, MSE=7141.565, ps<.001, and Delayed Condition, 
F1(3, 141)=191.182, MSE=3212.340; F2(3, 1026) = 668.351, MSE=3306.208, 
ps<.001. The main effects were qualified by a reliable interaction between Word 
Frequency and Delayed Condition, F1(3, 141)=9.786, MSE=613.824; F2(3, 1026)= 
6.057, MSE=3306.208, ps<.001. Follow-up analysis showed that the interaction was 
caused by the fact that the spelling of high frequency words was initiated significantly 
faster than the low frequency words in the 0ms delayed condition, t1(47)=6.139, 
t2(342)=4.632, ps<.001, 400ms delayed condition, t1(47)=2.830, p=.007; 
t2(342)=2.793, p=.006, 800ms delayed condition, t1(47)=2.532, p=.015; 
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Onset latencies by participants and by items as a function of Word Frequency and 
Delayed Condition 
   By Participants   By Items 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
0ms 761.593 149.571 801.656 144.949 
 
763.964 78.604 806.731 92.104 
400ms 639.701 133.735 657.738 135.618 
 
641.160 64.390 660.568 64.484 
800ms 611.689 125.704 623.825 126.059 
 
612.708 51.227 629.449 59.320 
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Appendix D 
Counterbalanced lists of stimuli used in Experiment 2 
High Frequency Words 
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  95 
 
Appendix F 
Analysis of onset latencies in Experiment 2 by using more stringent exclusion criteria 
An additional exclusion was used in the analysis reported here. Accurately-
spelled trials in which participants corrected the spelling by using backspaces were 
also excluded (12.7%). Besides this criterion, the exclusion criteria used in the 
analysis reported in the main texts were also imposed. Inaccurately spelled trials 
(1.7%), accurately-spelled trials in which participants released the spacebar before the 
tone occurred (1.2%), or used more than 3 seconds or fewer than 100ms to type the 
first letter were excluded (0.1%).  After the exclusion, onset latencies which were 
2.5SD below or above the means for each design cell were also excluded (1.9%). 
Together these data-cleaning processes resulted in 17.6 % of the total number of trials 
being excluded from the analysis reported here.  
The mean onset latencies by participants and by items are shown in Table F1. 
The ANOVAs revealed a reliable main effect of Word Frequency, F1(1, 78)=12.854, 
MSE=778.036, p=.001; F2(1, 166)=6.593, MSE=2827.824, p=.011, indicating that 
high frequency words were spelled more quickly than the low frequency words. The 
main effect of Task was marginally significant in the item-wise analysis only, F2(1, 
166)=3.273, MSE=1445.756, p=.072, but not in the subject-wise analysis, F1(1, 
78)=.029, MSE=16345.367,  p=.865.The item-wise analysis showed that words were 
spelled more quickly in the delayed task (M2=885.490, SD2=44.225) than the 
immediate task (M2=892.995, SD2=49.406). The interaction between Word Frequency 
and Task was significant, F1 (1, 78) =5.943, MSE=778.036, p=.022; F2(1, 166)=4.294, 
MSE=1445.756, p=.040. Follow-up analysis showed that the frequency effect was 
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only significant in the immediate task, t1(39)=4.489, p<.001; t2(166)= 3.164, p=.002, 
but not in the delayed task, t1(39)=.827, p=.413; t2(166)= .923, p=.357. 
  
Table F1 
Onset Latencies by participants and by items as a function of Word Frequency and Task 
  By Participants   By Items 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
Delayed 883.019 78.560 888.495 87.669 
 
882.339 47.342 888.641 40.913 
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Appendix G 
Counterbalanced lists of stimuli used in Experiment 3 
High Frequency Words 
   
Low Frequency Words 
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Appendix H 
Accuracy Rates and Response Times for colour discrimination task (T1) of 
Experiment 3 
Table H1 
Accuracy Rates and Response Times in colour discrimination by participants and by items as a 
function of Word Frequency and SOA 
  By Participants   By Items 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
Accuracy Rates 
        100ms 0.981 0.030 0.991 0.018 
 
0.981 0.035 0.991 0.028 
200ms 0.984 0.021 0.987 0.021 
 
0.984 0.035 0.987 0.032 
Long 0.984 0.021 0.979 0.023 
 
0.984 0.035 0.979 0.039 
          Response Times 
        100ms 602.021 144.476 603.061 138.209 
 
601.864 62.436 603.685 65.561 
200ms 607.588 134.510 619.776 138.936 
 
607.960 67.156 618.983 64.526 
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Appendix I 
Analysis of onset latencies for the spelling-to-dictation task (T2) of Experiment 3 by 
using more stringent exclusion criteria 
An additional exclusion was used in the analysis reported here. Accurately-
spelled trials in which participants corrected the spelling by using backspaces were 
also excluded (13.7%). Besides this stringent criterion, the exclusion criteria used in 
the analysis reported in the main texts were also imposed. Inaccurately spelled trials 
(1.1%), accurately-spelled trials in which typed the first letter before responding to the 
colour discrimination (0.1%) or used more than 3 seconds or fewer than 100ms to 
type the first letter (1.1%) were first excluded. After the exclusion, onset latencies 
which were 2.5SD below or above the means for each design cell were also excluded 
(3.9%). Together these data-cleaning processes resulted in 19.9 % of the total number 
of trials being excluded from the analysis reported here. The mean onset latencies by 
participants and by items are shown in Table I1. The ANOVAs revealed a reliable 
main effect of word frequency, F1(2, 35)=30.689, MSE=2270.867, p<.001; F2(1, 
262)=13.579, MSE=17834.000, p<.001, indicating that high frequency words were 
spelt more quickly than the low frequency words. The main effect of SOA was also 
significant, F1(2, 70)=1692.741, MSE=11373.990, p<.001; F2(2, 524)=8766.375, 
MSE=8076.740, p<.001. Post-hoc comparison showed that all pair-wise comparisons 
were significant, ps<.001, according to Bonferroni adjustment. Participants initiated 
the first keystroke the slowest in the 100ms-SOA (M1=1862.803, SD1=166.777; 
M2=1868.187, SD2=117.470), faster in the 200ms-SOA (M1=1779.476, SD1=155.751; 
M2=1785.664, SD2=117.592), the fastest in the long-SOA (M1=927.918, SD1=99.859; 
M2=932.789, SD2=84.917). The interaction between word frequency and SOAs was 
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not significant, F1(2, 70)=.854, MSE=1265.084, p=.430; F2(2, 524)=.942, 
MSE=8076.74, p=.390.  
 
Table I1 
Onset latencies in the spelling-to-dictation task by participants and by items as a function of Word 
Frequency and SOA 
  By Participants   By Items 
 
High Frequency Low Frequency 
 
High Frequency Low Frequency 
  M SD M SD   M SD M SD 
100ms 1848.315 173.283 1878.853 165.933 
 
1853.748 123.332 1882.626 109.877 
200ms 1763.777 158.134 1796.208 158.355 
 
1771.328 119.233 1800.000 114.588 
Long 906.650 84.792 951.455 120.165   909.103 74.497 956.475 88.298 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
